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Two studies were conducted to address concerns confronting the beef industry in 
regards to the application of winter feeding programs. The first experiment was designed to 
determine if `Fawn' endophyte-free ta11 fescue (Festuca arundinacea L.) and red clover (T. 
~ratense L.) pasture stockpiled for winter grazing was of adequate nutritional value to 
maintain growth of mid to late gestation Angus and Angus x Simmental heifers. 
Experimental treatments included high (1.17 heifers/ha) and low (0.84 heifers/ha) stocking 
rates, high (heifer body weight and conceptus growth) and low (conceptus growth only) corn 
gluten feed supplementation rates, and feeding of hay with the high corn gluten feed 
supplementation rate as a control comparison. Mean seasonal concentrations of IVDMD 
were greater {P < 0.05) and NDF, ADF, and ADIN were lower (P < 0.05) in the stockpiled 
forage than hay. Average daily gain and body condition score increases were greater (P < 
0.05) for heifers grazing stockpiled forage at either stocking rate than heifers fed hay in both 
years. Mean production costs were 0.86, 0.87, 0.64, 0.65, and 1.17 $/d for heifers grazing 
stockpiled forage at the low stocking rate without and with corn gluten feed, grazing 
stockpiled forage at the high stocking rate without or with corn gluten feed, and fed hay and 
corn gluten feed. The second experiment compared changes in soil physical properties and 
subsequent soybean yields of corn crop residue fields grazed by mature pregnant Angus cows 
compared to nongrazed control paddocks. Each paddock was stocked at a rate of 3.7 
cows/ha and was grazed in five consecutive 28-day periods over the winter season. Grazing 
corn crop residue did not affect soil bulk density, but increased penetration resistance to a 
depth of 10.5 cm in paddocks grazed in October and November. Cattle grazing had no effect 
on subsequent soybean plant population, but soybean yields decreased with increased soil 
Vl 
penetration resistance (r2 = 0.36). Soybean yields also increased as the proportion of the time 
soil temperature was below 0° C increased (r2 = 0.72). 
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CHAPTER 1. GENERAL INTRODUCTION 
Thesis Organization 
This thesis is organized in the general fashion of a literature review followed by tow 
manuscripts submitted to the Journal of Animal Science and Agronomy Journal for 
publication. These manuscripts are followed by general conclusions, literature review works 
cited, two appendices of additional information and acknowledgements. 
Introduction
In 2002, over 78% of the beef cattle operations in the United States contained less 
than 50 animal units (USDA-NABS, 2003). Because of their small size, many cow/calf 
producers are in search of low input alternative management systems that are sustainable 
without the need for high capital investment. While beef herd costs such as operating, 
depreciation, and labor can be reduced, none of these accrued costs have as great of an 
impact on herd profitability as feed costs (Lawrence and Strohbehn, 1999). Feed costs 
including pasture, harvested forage, grain, and purchased feeds can account for over half the 
total cost of production (Lawrence and Strohbehn, 1999; Moore, 1997). One way to lessen 
the drain of excessive feed casts on herd profitability is to reduce the reliance on stored 
forages like hay for winter-feeding (Gemsh et al., 1994}. The use of hay as a feed source 
during the winter season not only has associated high machinery capital charges and storage 
facilities, but also uses time and labor. In order for an alternative system to be considered as 
a viable substitute for hay feeding, it must maintain animal performance as well as lowering 
the cast of beef pro~.uction (Adams et al., 1994). 
Resulting from the need to reduce stored feed use, many producers have taken 
advantage of extended grazing systems using feeds such as stockpiled .forage (Adams et al., 
1994} or corn stover (Ritz and Russell, 1998}. These alternative winter feeding systems are 
particularly appealing to many smaller producers who use the cow herd as a source of 
supplemental income and cannot spend a large amount of time on daily feeding or afford the 
large capital investment on haying and feeding equipment to do so. However, these 
alternative feeding systems are not without their limitations. Both systems have greater 
susceptibility to severe weather than feeding hay (Schoonmaker et al., 2003). Snow and ice 
cover greater than 0.5 m will reduce or block the availability of the forage to the animal 
(Decker, 1988) and increase leaf and nutrient Loss (Hedtcke et al., 2002). While it has been 
proven mature gestating beef cows grazing stockpiled forages can maintain equal or greater 
body weight and condition scores compared to cows fed Large round bales up to parturition 
(Ritz and Russell, 1998), there is concern about the increased nutrient demands and Lower 
feed intake of first calf heifers (~ti1RC, 1996). Unlike mature beef cows, first calf heifers are 
sti11 in the dynamic state of growth in addition to the stress of pregnancy (Byers and 
Schelling, 1986). Therefore, pregnant heifers may require a higher plain of nutrition that 
may not be provided by stockpiled forage. Another area of concern for producers is that 
while grazing corn stover has been proven to be a viable feed resource for a cow herd, will 
hoof traffic on bare ground result in compaction and reduce the yield of subsequent row-
crops? Previous research has already established that trafr'ic of harvest equipment may result 
in soil compaction and yield reductions with the severity determined by the soil moisture and 
type (Gameda et al., 1987; McCormack, 1987; voorhees, 1992). Likewise, trampling of 
pasture by cattle has also demonstrated varying effects on plant yields and soil properties 
3 
(Drev~ny et al., 2001; VanHavern, 1983). Therefore, there is a need to determine if cattle 
grazing corn crop residue will add to the problem of soil compaction or if frozen soils will 
block any further damage. 
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CHAPTER 2. LITERATURE REVIEW 
Stockpiled Forage Systems 
gazing stockpiled forages is a management system whereby hay fields or pastures 
are grazed during portions of the year when hay is traditionally fed to the herd {Allen et al., 
1992; D'Sausa et al., 1990; Hitz and Russell, 1998}. Stockpiled forage can be used to extend 
the grazing season thereby reducing, if not eliminating, the need for stored forages {Riesterer 
et al., 2000) In addition, Tabor can be reduced to 25°r'o of that needed far conventional 
wintering of beef cows {VanKeuren, 1970). To prepare a field for stockpiling, the forage is 
harvested either mechanically or by grazing in Late summer or early fall and then allowed to 
accumulate until the first killing frost (Kerley, et al., 1990). To increase utilization of the 
forage, strip-grazing or rotational grazing can be implemented to reduce the amount of forage 
wasted from trampling {Fernandez-Rivera and Klopfenstein, 1989}. The success of a 
stockpiling system depends on many factors including the selection of forage type and 
species, initial date of stockpiling, time and rate of fertilization, and duration of the 
stockpiling period. To date, there has been a substantial amount of research on these factors 
{Archer and Decker, 1977a; Collins and Balasko, 1981 a, Riesterer et al., 2000). 
~v~'C7~~' SG l~'Ctl (~j1 Qj2G~~C~~'t111~C1~~lOj1 
The selection of forage type is largely dependent on strategically matching the forage 
growth pattern with the demands of the herd for maximum animal mass with maximum 
carrying capacity of the pasture (Holt et al., 1969}. To be classified as a cool or warm season 
grass depends on the production season when the grass has its highest growth rates because 
of photosynthetic pathways used (Akin, 1986). Cool season grasses use the C3 
photosynthetic pathway {Akin, 1986) and have the greatest growth rate during the cool spring 
J 
and fall months, with optimum growth at 18-24° C (Rohweder and Albrecht, 1995 ). To be 
classified as a warm season grass, the forage uses the C4 photosynthetic pathway (Akin, 
1986) and have its greatest growth during warmer days of summer (optimum growth at 32 — 
3 5° C} with little or no growth during early spring or fall (Rohweder and Albrecht, 1995). 
Because of the difference in COQ fixation, C3 plants are also more readily degradable by the 
rumen microbes than C4 plants (Akin, 1986}. The thicker cell wall parenchyma bundle 
sheath in C4 plants make it harder for rumen microbes to degrade and gain access to the high 
starch and chlorophyll within (Akin, 1986). 
Legumes, on the other hand, are Less influenced by seasonal temperature and 
accumulate organic matter more uniformly throughout the growing season (Matches and 
Burns, 1995). Although legumes are generally higher in IVDMD and CP, they cannot match 
the growth rates of cool season grasses in the fall period (Buxton and Mertens, 1995). In 
addition, legumes are more fragile than cool season grasses and lose a large portion of their 
leaves after the first killing frost (Rohweder and Albrecht, 1995). The increased yield and 
digestibility, along with their ability to maintain structural integrity and quality after the 
growing season has ceased (Riesterer et al., 2000} make cool season grasses the ideal forages 
for stockpile grazing (Archer and Decker, 1977x; Archer and Decker, 1977b). 
The most prevalent and well-suited cool season species used in stockpiled grazing are 
orchardgrass and tall fescue (Allen et al., 1992; Archer ~.nd Decker, 1977x; Riesterer et al., 
2000). orchardgrass and tall fescue manage to retain greater nutritional quality and dry 
matter yield well into the winter months (Hedtcke et ai., 2002; Riesterer et al., 2ooa) and are 
able to meet the nutritional needs of beef cattle at or near maintenance levels (Archer and 
Decker, 1977b; Fribourg and Be11, 1984). In Wisconsin, Riesterer et al. (2000) compared the 
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seasonal standing forage organic matter (SFOM} of seven cool-season grasses common to 
upper Midwest pastures. Regardless of N fertilization treatment, the early maturing 
orchardgrass and tall fescue were consistently the highest in rank far SFOM, averaging 2.69 
and 2.79 Mg O~~ha across the season when stockpiling began on August 1. Smooth 
bromegrass and quackgrass had the lowest late-summer SFUM averaging 1.64 and 1.77 Mg 
OM/ha and were thus deemed not suitable for stockpiling. 
Although the previous study demonstrated similar yields between the two stockpiled 
forages, tall fescue can have greater DM yields than orchardgrass (Allen, et al., 1992, 
Matches and Burns, 1995}. In Virginia, when stockpiling began in early August, tall fescue-
red clover pastures had 60% more forage dry matter than orchardgrass-red clover at 2806 and 
1130 kglha (Allen et a1., 1992}. Archer and Decker (1977a} found that when stockpiling 
began on September 10 in Maryland, tall fescue and orchardgrass had similar forage masses 
at 2170 and 2391 kg Dl~Ilha after 30 days of accumulation. By November 17, forage DM 
yield peaked with tall fescue having a significantly higher yield than orchardgrass (3 709 and 
3153 kg DM/ha). However, between November 17 and .December 24, both forages 
decreased in accumulated DM yield because weathering losses resulted in masses of 3069 
and 2465 kg DMlha. The greater DM accumulation of tali fescue was a result of better 
growth response at Lower temperatures and greater resistance to frost on the Leaves (Matches 
and .Burns, 1995). T'he weathering loss of accumulated DM from stockpiled forages for bath 
species was a combination of loss caused by leaching of cell soluble constituents and 
physical shatter of leaves (Collins and Moore, 1995). 
The nutritional value of tall fescue and orchardgrass are comparable. Archer and 
Decker (1977b} found that on October 10, both forage species had similar crude protein (CP) 
7 
concentrations, averaging 17%°. However, on December 24, orchardgrass had a higher 
percentage of CP than ta11 fescue (15.2 vs. 13.7%). In Vti'isconsin, Hedtcke et al. (2002) 
reported a similar 10% decrease in CP concentration for both ta11 fescue and orchardgrass 
from October to December, although their initial CP concentrations were much lower than 
those of Archer and Decker { 1977b) at 10.3% for tall fescue and 11.6% for orchardgrass. 
Stockpiled tall fescue and orchardgrass had similar concentrations of in vitro dry matter 
disappearance {IVDMD) in October, averaging 87°% {Archer and Decker, 1977a). The 
IVDMD concentration of both species decreased from October to December, but tall fescue 
maintained a higher digestibility at 79.0% than did orchardgrass at 73.0%. In Wisconsin, 
IVDMD concentrations were similar for tall fescue and orchardgrass in October and March 
falling from 74.4 to 65.6% and from 75.5 to 66.8%, respectively {Hedtcke, et al., 2002). 
Although there was a difference in forage quality between geographical locations, the 
decrease in quality was similar across the season. However, caution must be used When 
grazing cultivars of tall fescue are infected Wlth endophytic fungus (Acremonium 
coenophialum}. Cattle grazing infected fescue can have lower performance than predicted 
from forage analysis {Peters, et al., 199?.}. Beconi et al. (1995) reported that the average 
daily gains of steers consuming stockpiled infected tall fescue Was only 0.28 kg/d compared 
to 0.43 for steers on an endophyte free variety of similar nutritive quality. 
Although the forage species selected for stockpiling is important, the date at Which 
forage accumulation begins can also have a large effect on forage production and nutritional. 
value. In general, as the accumulation period of stockpiled forages increase, yields wi11 
increase but nutritional value decreases {Kerley et a1., 1990}. In Tennessee, when stockpiling 
of tall fescue began on the first of June, forage mass vvas 1.5 and 3 Mglha greater in late 
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October than when stockpiling began on the first of July or August, respectively (Fribourg 
and Bell, 1984). In Missouri, Matches and Burns (1995) showed that IVDMD concentration 
of tall fescue in October averaged S 7.9, 66.4, and 67.4% when accumulated from May 10, 
June 21, and August 2, respectively. Likewise, CP levels of the accumulated forages were 
8.3, 8 : 5, and 10. I %. 
Nitrogen fertilization also increases the DM yield of stockpiled cool season grasses, 
but the yield response can be influenced by application rate, timing and length of the 
stockpiling period (Collins and Balasko, 1981 a; Collins and Balasko, 1981 b; Gerrish, et al., 
1994}. In Missouri, when stockpiling began on August 1, DM yield of stockpiled tall fescue 
averaged over all harvest dates {October 4 to December 6) was 30°% greater when N wTas 
applied on August 1 than when applied on August 29 (Gerrish et al., 1994). In one of the 
three years, there was a N timing by N rate interaction, suggesting that as the date of 
fertilization increased from August 1 to August 29, the increase in forage mass in response to 
N fertilization at 120 lb/acre decreased from 103 to 39%. This interaction was most likely a 
result of the inability of tall fescue to respond to the N fertilization in a short growing season. 
In West virginia, both the initiation date of winter stockpiling of `K~ 31' tall fescue and the 
rate of N fertilization influenced forage yield (Collins and Balasko, 1981 a). In general, as the 
initiation date of stockpiling was delayed from early September to early October, the DM 
yield of the stockpiled forage decreased. With earlier initiation of stockpiling, the rate of N 
necessary to produce the maximum DM yield increased, where the greatest N fertilization 
response in early September occurred at 1 S0 kg N/ha, but increased to 225 kg N/ha for the 
mid September and early October dates. Regardless of initiation date, forage IVDMD and 
CP had a positive relationship to N fertilization rate (Collins and Balasko, 1981b). Averaged 
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over all dates of the initiation of stockpiling, concentrations of IVDMD of the forage 
increased from 54.0 to 62.0%, and the concentration of ~P increased from 9.2 to 14.7°ro, as ~~ 
fertilization increased from 0 to 225 kg I~Ifha, respectively. However, because of stem 
elongation, l~Tichols et al. { 1990) found that for every 45 kgtha increase in N fertilization, the 
IVDMD of subirrigated meadow pasture decreased by 0.09%. The optimum fertilization rate 
is difficult to pinpoint with any accuracy because of year-to-year variations in climatic 
conditions (Ritz and Russell, 1998; Kerley et al., 1990). Under ideal conditions, a response 
to high fertilization of 120 lb Nacre can be seen whereas under drought conditions, any 
growth increase above 60 lb N/acre is minimal (Kerley et al., 1990}. 
To increase the nutritional value of stockpiled forages, legumes species such as red 
clover, alfalfa, and birdsfoot trefoil can be interseeded into the cool season grasses {Hersom, 
1999; Hitz and Russell, 1998). By interseeding legumes into cool season grasses, there is a 
benefit of added N to the soil through ~ fixation in the legume root system by a symbiotic 
relationship with rhizobia bacteria {Allen, 1973). However, interseeding legumes in a grass 
pasture is not without its Limitations. Although legume forage species have higher 
concentrations of IVDMD and CP than grasses, the concentrations of these components 
decrease at a greater rate than cool season grasses during winter because of greater loss of 
Leaf material {Matches and Burns, 1995, Rohweder and Albrecht, 1995}. Also, persistence of 
legumes in agrass-legume mixed system will decrease over time {Allen et al., 1992). Over a 
four-year span, the proportion of legumes in agrass-legume pasture decreased from 43 to 9% 
when the field .was utilized for winter stockpiling and summer hay harvest (Alien et a1., 
1992}. The main factor causing the decrease in legume species was weed encroachment, 
although in pastures with a mixture of fescue and red clover, the fescue also was more 
10 
aggressive (Allen et al., 1992}. In a similar production system., the proportion of alfalfa in a 
fescue-alfalfa mixed pasture decreased from 47.4°ro in year 1 to 30.5% b~T the third year of 
production (Ritz and Russell, 1998}. This decrease in legume proportions resulted in a 
reduction in the concentration of IVOMD from b0.7°/© in year 1 to 53.3 and 54.2°~~o in years 2 
and 3, respectively. 
~~'corlornics of stockpiled forme 
Compared to a hay-based diet, caws grazing stockpiled forage can maintain equal 
body weight and body condition scores in mid to late gestation (Ritz and Russell, 1998) and 
the cost of production can be reduced by up to 48°~° if managed properly (Schoonmaker et al., 
2003 ). Using data acquired from the study by Gerrish et al. (1994) on production of 
stockpiled forage, Moore (1997} predicted that at 40 lb of N/acre ($9.20/lb) with a 
conversion efficiency of 18.4 (additional 18.4 Ib of DM per lb at' N applied) and forage 
utilization rate of 67°%, the cost would be $0.0159 per lb of stockpiled forage DM. However, 
stockpiled forage could cost $0.0736/lb, of DM if N application were to increase to 120 lb 
N/acre (conversion efficiency would decrease to 8.97} and grazing efficiency were reduced 
to 50°~0. Likewise, Moore (1997) calculated that feeding hay could also be highly variable, 
ranging from $0.0277 to $0.05 5411b of DM depending on price of purchased hay, cost of 
home production, and cost of storage. 
Schoonmaker et al. (2003 ~ demonstrated that mature pregnant Simmental x Angus 
cows were able to maintain similar body weight and condition scores from November to 
February when grazing stockpiled orchardgrass to those receiving orchardgrass hay at an ad 
libitum level. Because of severe weather, cows grazing stockpiled orchardgrass required 7.2 
kg of DM hay and mixed supplement per day for 20 days or 1.28 kg of DMiday for the 112-
11 
day period, while cows fed ahoy-based diet required no supplementation. Even with the use 
of added supplement, stockpiled orchardgrass was more profitable when prices for the hay 
and supplement were $0.088 and $0.I65/kg, respectively, and monthly pasture rent was 
$43. I4/ha. Total cost per cow per day for the stockpiled archardgrass treatment was $0.84 
compared to $ I.6 I for the orchardgrass hay treatment. when the experiment was extended to 
Late gestation and early Lactation (January to April), bath groups maintained similar body 
condition scares. Because of the need for the intake of higher quality forages during late 
gestation and early lactation, the stocking rate of cows grazing stockpiled orchardgrass was 
reduced from 2.04 to 1.10 cows/ha to increase grazing selection. At this lower stocking rate, 
0.13 kglcow/day of supplement and 12 days of supplemented hay were required and the cost 
of housing cows on stockpiled orchardgrass increased to $1.4~lcow/day. However? this 
amount was still less than the $1.~4/caw/day it cost to feed hay to cows in a dry lot during 
late gestation and early lactation. 
when compared on returns to the farm operation, winter grazing was also more 
economical than feeding hay (Adams et al., 1994; D'Sousa et al., 1990). Adams et al. (1994) 
used regressions to obtain the probability of an annual net return per calf on dam either 
grazing range, irrigated meadow, or fed hay from November 15 to March 1; in conjunction 
with hay fed during calving (March 1 — May I }, hay or meadow grazing during prebreeding 
(May 1 -- June I), and grazing range from breeding to weaning {June I -- November 15). 
Regardless of forage source from calving to weaning, cows grazing winter irrigated meadow 
had a l00°lo probability of greater net return per calf than cows fed hay during the winter. 
Likewise, cows grazing winter range and grazing meadow during prebreeding also had 
greater net return 100°/0 of the time than those fed hay during the winter period. If cows were 
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allowed to graze range during the winter period and fed hay during prebreeding, they only 
had a 70% probability of greater net return per calf than coves consuming hay during winter 
and grazing meadow during prebreeding. 
In a similar study, I7'Souza et al.(1990} compared the production and profitability of 
grazing orchardgrass and tall fescue stockpiled forage ar feeding a third cutting of hay. Tall 
fescue had a lower cost of production than orchardgrass because of greater yields resulting in 
$3084 and $3433 of return above variable costs per system, respectively. When cost of hay 
production was varied because of different system inputs, and different forage productivity 
was matched with the proper number of cow/calf units, stockpiled grazing resulted in greater 
returns above variable costs than winter feeding of hay regardless of forage species. The 
stockpiled grazing system had an average return of $4174~system while feeding hay 
averaged only $2343/system. Although stockpiled grazing has been shown to be more 
profitable, fluctuation in rental rates or land costs can have a greater effect an its prof tability 
because of dependency on a greater amount of pasture. 
Etlergy requiremen,~s and bod}~ condition during of cattle during gestation 
It has been established that stockpiled grazing is a viable source of nutrition for 
mature gestating beef cows (Adams et al., 1987; Hitz .and Russell, 1998}. However, 
stockpiled forages may not have adequate net energy and metabolizable protein to sustain a 
developing beef heifer that is in mid to late gestation. Atypical spring-calving herd in the 
upper Midwest would breed for parturition to occur in late March to early April. Since 
grazing of stockpiled forages begins after the first killing frost (usually occurring in late 
October to early November in the .upper Midwest}, the heifers would be close to their fifth 
month of gestation at the initiation of stockpiled grazing. when comparing nutrient 
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requirements by month of gestation, the ~TRC (1996) estimates the amounts of ~~ and MP 
needed to maintain pregnancy for amedium-framed Angus to be identical for heifers and 
mature cows. This i s a pregnancy requirement of 0.64 to ~ . 3 7 McaUday NE and 2 7 to 2 51 
g/day MP for month five to nine of gestation, respectively. The large increase in energy and 
protein requirements during the last trimester is caused by a rapid increase in fetal and udder 
development and the low efficiency of nutrient utilization for these functions (Houghton et 
al., 1990b). Assuming that the previous year's calf crop has been weaned, the only other 
requirement for a beef cow is maintenance. Because of their larger frame (Byers and 
Schelling, 1986), mature cows require mare 1~TE and MP for maintenance but it is constant at 
8.54 McaUday NE and 422 g~day MP during gestation for a ~ 3 3 kg cow (1~R~, 1996) . When 
maintenance requirements of cows are added to that required for pregnancy, the total NE and 
MP requirements are 9.18 to 13.91 McaUday NE and 449 to 672 g/day MP for a pregnant 
533 kg caw from month five to nine of gestation. Although heifers do not have as high of a 
maintenance requirement because of smaller frame sizes, they do have an added requirement 
for growth. In order to maintain adequate growth, a heifer requires 2.54 to 2.77 Mcal/day NE 
and 119 to 110 g/day MP from month five to nine, respectively. Addition of growth and 
pregnancy requirements to the 6.61 to 7.23 McaUday NE and 326 to 3 5 7 glday MP for 
maintenance results in total requirements of 9.79 to 15.3 7 McaUday TAE and 472 to 718 glday 
MP for 3 79 to 426 kg heifers in the last five months of gestation. when compared to a 
mature cow, heifers require an average 9% mare NE and 6% more MP per day. Because of 
the nutrient requirements for pregnancy, total nutrient requirements for both mature cows and 
first calf heifers are the greatest during a portion of the year when nutrient availability is at its 
lowest. 
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In order to produce a calf on a one-year schedule, the cow must be rebreed within 83 
days after parturition (~TRC, 199b}. In aspring-calving system, maintaining adequate live 
weight and adipose stores during the fall and winter is critical if the cow or heifer is to 
rebreed at an early date (Dziuk and Bellows, 1983; Houghton et al., 1990c). Because body 
condition scores are highly correlated (r = 0.~3) to carcass lipid, they have been used as an 
easy visual indicator of adipose stores {Houghton et al., 1990c}. As a result, it has been 
shown that body condition at calving is negatively correlated to the postpartum calving 
interval PPI; Bellows et al., 1982). Cows with body condition scores of less than 2.67 (on a 
5 point scale) had PPI of approximately 88.5 days whereas those with a condition scare of 3 
had a PPI less than 60 days {Houghton et al., 1990b}. Maintaining an 80 day PPI is 
particularly difficult for f rst calf heifers because of their increased energy requirements, the 
higher susceptibilities to dystocia and retained placenta, and longer reproductive recovery 
after parturition (Laster et a1., 1973). Bellows and Short (I 978) observed that by feeding 
heifers 6.3 kg of TDN ninety days before calving, the PPI was decreased to 6b days 
compared to 87 days for heifers consuming 3.4 kg of TDN. 
Cows with lower body condition scores also have calves of lower calf birth weights 
(Tudor, 1972). Cows that were forced to lose body condition during the second and third 
trimester to 4.8 (on a 9 point scale), and then regain the condition back to 5.5 aver 28 days of 
lactation had calves that were 4.7 kg lighter at birth than cows that maintained a body 
condition of 5.5 throughout gestation (Freetly et al., 2000). At 205-days, body weights of 
calves from dams that were at a 4.8 body condition at calving were 7.4 kg Lighter than those 
from dams that were at a body condition of ~ . 5 at calving. Likewise, Houghton et al. (1990b} 
observed 17 kg lov~~er calf weights at 105 days post-partum on cows fed preparturition energy 
~~ 
at 70°% maintenance than cows fed I00°~o of the maintenance energy requirements. 
Although these are not huge differences, they prove that. the level of nutrition of the cow 
during the last trimester can affect the weights of calves sold and, therefore, the profitability 
of the herd. 
I~ olz~tzta~i~ fo~a~~ i~ttake 
A cow's inability to maintain adequate body condition through the last trimester can 
be attributed to a decrease in voluntary forage intake (Forbes, 1996; Vanzant et al., 1991). 
The beef TZR~ (1996} estimates that voluntary dry matter intake of cows in the last month of 
pregnancy will decrease by 2°~° per week. Igvartsen et al. (1992} found a similar result with 
an estimated 1.5°~o decrease in intake per week for the last 14 weeks of gestation. Using 
primiparous heifers with a March I calving date, Patterson et al. (2003) recorded a decreased 
in forage organic matter intake from 1.9°~0 of body weight in I~Tovember to I.2°~° of body 
weight. in February regardless of protein supplementation. From years of research, it has 
been established that the actual prediction of voluntary forage intake is quite difficult because 
of the multitude of metabolic and physiological factors involved in regulation of intake that 
may change with different stages of production (Forbes, I996). The reduction in feed intake 
reflects the flexibility of biological systems that have evolved to cape with variability in food 
supply and composition and animal state (Illius and Jessop, 1996}. 
One factor attributing to voluntary forage intake is its large dependency on the rate of 
removal of organic matter from the reticula-rumen, which in turn is a function of the rate of 
fermentation of organic matter, and the rate of breakdown of undigested particles anal their 
passage from the rumen (Hunter and Siebert, 1986). This is often referred to as the theory of 
physical constraint. According to this theory, the rumen microbes are unable to digest forage 
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at an adequate rate to allow passage from the reticulo-rumen to make room for intake of 
additional forage at a level required far the animal's energy needs. Traditionall~7, NDF 
content of the forage has been used as the only feed characteristic to predict the f lung effects 
of forages (Mertens, 1987). Intake of forage exerts pressure on the tension receptors located 
in the reticulum and cranial sac, which stimulates the ventromedial hypothalamus and 
inhibits the lateral hypothalamic area, resulting in decreased feed intake (Grovum, 1986, 
Leek, 1986}. As NDF content of the forage increases, the rate of digestion will decrease 
causing retention and pressure on the receptors {Journet and Remond, 1976). Forage 
particles must be degraded through microbial digestion, mastication or rumination to a 
particle size of 1.2 mm before they exit the rumen (Lamb et al., 200; owens and Goetsch, 
1986). By grinding or pelleting the forage, the particle size will decrease which increases the 
rate of passage and therefore, increases voluntary intake. In a review of the literature, Allen 
et al. (1996) found a 2~°,/o reduction in ruminal retention times of forages that were ground 
and pelleted. However, this mechanical increase in passage rate also resulted in a decrease in 
digestion of the forage, which caused less energy to be available to the animal. Rate of 
digestion is dependent on multiple factors including the rates and surface area for attachment 
to the subsrate (owens and Goetsch, 1986). By grinding a forage, the surface area is 
increased, but the microbes stiii have to attach before hydrolyzing the polysaccharides to 
produce volatile fatty acids for the ruminant to metabolize as energy (Ferrell and Hruska, 
1988). If particles leave the reticulo-rumen before this process can complete, there is a 
reduction in the amount of digested nutrients even though voluntary intake increased. 
During the third trimester of gestation, the developing fetus may add a greater 
limitation of voluntary forage intake by increasing the physical constraint of rumen capacity 
I7 
(Forbes, 197 I }. In sheep, the rumen volume of the ewes declined from 9 to 5.5 L in the last 6 
weeks of gestation because of decreased abdominal space (Forbes, 1986). This decrease in 
ruminal volume caused varying degrees of reduction in voluntary forage intake with the 
greatest response occurring when fed a diet of straw. Gastrointestinal fill of caws has also 
been shown to decrease because of pregnancy. During the third trimester, the gastrointestinal 
f Il of a pregnant cows averaged 7. I g/kg BW compared to 8.3 g~'kg BW in nonpregnant caws 
of a similar size {Hanks, et al., 1993). However, in this study there were no significant 
decreases in voluntary forage intake because particulate passage rate increased as ruminal 
capacity decreased. Na difference in voluntary intake when comparing pregnant to 
nonpregnant cows does not mean there wasn't a depression of intake. In a similar study, 
Vanzant et al. (1991} observed no difference in intake between pregnant heifers in late 
gestation and nonpregnant heifers of the same age. However, there was a decrease in 
voluntary forage intake of pregnant heifers in late gestation compared to their intakes during 
mid gestation or postpartum.. Fifty-five days prepartum and 26 days postpartum voluntary 
organic matter intakes of pregnant heifers were 22 and I6°~° greater than nonpregnant heifers. 
As observed in the other studies (Forbes, 1986; Hanks et al., 1993 ), 12 days before 
parturition the rumen volume of the pregnant heifers decreased by 18% {Vanzant, et al., 
1991}. 
Another theory of .intake control is that on high-quality diets, the ruminant will 
regulate intake far energy balance. Mare highly digestible feeds can potentially be eaten in 
greater quantities before the presumed physical constraints of gut clearance apply. Voluntary 
intake is then more likely to be determined by metabolic constraints related to the animal's 
ability to utilize absorbed nutrients (Ingvartsen et al., 1992). In a review of the literature, 
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Forbes et al. (1996) found that when sodium acetate was infused into the rumen of a sheep at 
the rate of ? mmol~min for 3 h, intake of a pelleted feed eras depressed by 4~%. Likewise, 
infusion of sodium propionate into the hepatic portal vein at 0.6 mmol/min depressed intake 
by 19%. However, infusion of propionate at the same rate in the jugular vein showed no 
such effect. These effects suggest that there are neural receptors in the liver that sends a 
signal via the splanchnic nerves to the brain when stimulated by the volatile fatty acids, 
which reduce intake. In the case of late gestation beef coves or heifers grazing stockpiled 
forage or hay diet, the factor of high energy reducing intake is unlikely. It is generally 
excepted that in order for energy to limit intake, the digestibility of the forage must be greater 
than 66% (Conrad, 1960. Although the IVDMD of stockpiled tall fescue can be as high as 
67°~° in October, IVDMD will decrease by 15 percentage units through weathering loss by 
February and March corresponding to late gestation in spring-calving cattle (Matches and 
Burns, 1995). 
One theory that has received a great amount of attention to explain the reduction. in 
voluntary forage intake that occurs during the third trimester is control from sex hormones. 
A cow's progesterone secretion is maintained at a high level throughout pregnancy with a 
gradual decline starting 4 weeks prior to parturition and a sharp drop 2 days prior to 
parturition (Garverick and Smith, 1993 }. Estrogen secretion is low during early gestation, 
but rises exponentially starting during the last 35 days of gestation, increasing from 49 to 308 
pg/ml (Hanks et al., 1993; Reece, 1991). The decrease in progesterone allows for softening 
and dilation of the cervix and birth canal by estrogen and relaxin in preparation for 
parturition (~rrovum, 1986). This reversal of progesterone and estrogen secretion, while 
necessary for preparation of the female organs for parturition, has also been shown to 
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decrease intake (Forbes, 1971; Forbes, 1986). VVethers injected at low levels t20 fig) of 
estrogen can have increases in feed intake. Hov~Tever, estrogen injections larger than ~0 ~g/d, 
the normal level for ewes in the last few weeks of pregnancy, caused a depression in intake 
for 2 hours {Forbes, 1986). But, this response was dependent on low levels of progesterone 
in the plasma. Muir et al. { 1972) found that injections of progesterone counteracted the 
effect of estrogen injections. lion-pregnant Holstein cows were given estrogen and 
progesterone infusions at levels of 220 and 170 µg/600 kg body weight~day. bows receiving 
only estrogen infusions had a dry matter intake of 5.2 kg/day while those receiving only 
progesterone had an intake of 10. b kg/day. When given an infusion of both hormones, the 
dry matter intake was 8.6 kg~day, suggesting that estrogen effects on intake were dependent 
on the level of progesterone. It is believed the reduction in feed intake caused by estrogen is 
a result of direct action of the estrogen on the hypothalamus because there are estrogen 
receptors there (Forbes, 1986). There are new theories that estrogen may also have an effect 
on liver metabolism, v~jhich has also been linked to control of intake (Forbes, 1.986). 
Another hormone that .has gained recent attention for the control of feed intake is 
leptin {~hilliard et al., 2001; Vernon et al., 2001). Leptin is produced by white adipose tissue 
in mammals and acts directly upon the hypothalamic region of the brain, causing a decrease 
in voluntary feed intake (Ingvartsen and Boisclair, 200 I ). As the proportion of body adipose 
tissue increases so does the leptin levels in the plasma, therefore controlling obesity 
{Ingvartsen and Boisclair, 2001). Leptin has also been shown to increase as pregnancy 
progresses. Mature pregnant dairy cows have peek Levels of leptin production 35 days prior 
to parturition then decreasing levels during early lactation as energy demands increase (Block 
et al., 2001). Likewise, ewes have also shown increasing levels of leptin during early to 
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mid gestation but did not peek in Late lactation {Thomas, et al., 2001). However, in that 
particular study, increased leptin production only occurred in ewes with high maternal 
growth (300 g/d} and not in ewes with low maternal growth (50 g~`d). 
The amount of crude protein supplementation can also have an effect on intake 
through control on the rate of microbial synthesis and fermentation of forage substrate. In 
the rumen, microbes hydrolize available protein to amides, organic acids and ammonia and 
then reincorporate the ammonia into microbial protein far cell function and growth of the 
population (Cotta and Respell, 1986). Additionally, cellulolytic bacteria require specific 
VFAs produced by non-cellulolytic bacteria from the deaminatian of branch-chained amino 
acids. Without an ample supply of the branch-chain vFAs, there would be a reduction in the 
cellulolytic bacteria population and, therefore, a decrease in fiber digestion would occur 
(Yokoyama and Johnson, 1988). An increase of 5 to 1 b°lo in forage dry matter intake has 
been observed when loin quality roughages are supplemented with crude protein {Broster, 
1973}. However, this increase in forage intake was dependent on the form of crude protein 
offered in .the supplement. To be classified as undegradeabie intake protein (UIP), the 
protein is not readily degraded or available to the rumen microbes for digestion. When 
supplementing high amounts of LIP, consumption of low quality forage can be depressed if 
the level of degradable intake protein (DIP) is marginal (~trauch et ai., 200I }. Strauch et al. 
(2001) found that heifers in late gestation grazing stockpiled tall fescue (11.7% CP and 3 8% 
ADF} had greater forage DM intakes (10. b vs 8.9 kg d-1) when fed a supplement with 190 
g/day LJIP than when fed a supplement with 106 gld. This increase of intake from increased 
UIP seemed to occur because there was already adequate DIP. V~heeler et al. (2002) found 
that when DIP was supplemented at 6.5 to 31 % of the dry matter to gestating beef cows 
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grazing stockpiled Bermuda grass (13 to 15% CP and 30 to 31% ADF), forage DM intake 
increased from. 7 to 10% over unsupplemented cows. 
Control of feed intake in ruminants has been shown to be affected by multiple factors. 
Therefore, it is widely believed that the regulation of intake has evolved to incorporate these 
and possibly unknown factors in order to give the animal the best chance of surviving when 
faced with the challenges of feed availability and physiological requirements (Forbes, I986}. 
For example, when Adams and Forbes { 1981) infused sodium acetate in the rumen of a 
fistulated sheep, feed intake decreased by 12°1°. When a balloon was inflated in the rumen, it 
decreased feed intake by 18%. When both acetate infusion and balloon distention were used, 
there was a ~~% decrease in intake which showed a more than additive effect. Anil et al. 
(1993 } also demonstrated a similar response in lactating cows. When an acetate infusion and 
distention were given separately, feed intake was decreased by I1 and 12°~0, respectively. 
When treatments were done in combination, the resulting decrease in feed intake was 34%. 
In the case of late gestation the main factors involved in the reduction of forage intake are 
believed to be the abdominal displacement of the rumen by the placenta and the influx of 
estrogen hormones {Forbes, 1996; Muir et al., 197?; Vanzant et al., 1991). Environmental 
factors can also have an effect on intake. When forage availability fell below 700 kg/ha, 
Pinchak et al. (I 990} noted a significant decrease in forage organic matter intake. Likewise, 
in aspring-calving herd in the upper Midwest, late gestation is also during a period of 
extreme cold temperatures and environmental factors that can affect grazing characteristics 
and metabolism of ruminants (Adams et al., I986; Decker, 1988}. 
Cold stress 
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The lower critical temperature (LCT) of the animal is the lower boundarti~ of the 
thermoneutral zone, or the range of environmental temperatures in which the animal 
maintains body core temperature without expending additional energy above its minimal 
maintenance requirement (Kennedy et al., 1986). As the ambient temperature falls below an 
animal's LCT, metabolic heat production will increase to compensate for the Loss in body 
heat. Because mare energy is being expended as heat, there is less energy available for 
productive functions (Ferrell and Hruska, 1988; Kennedy et al., 1986). Additionally, 
ruminants exposed to temperatures below their LCT will have a decrease in forage 
digestibility as a result of increased gut motility and increased passage rate (Merchen, 1988). 
Although there are many theories, the exact mechanism increasing motor activity of the 
gastrointestinal tract during cold exposure is not known (Kennedy et al., 1986). 
Christopherson (1976) found that for every degree Celsius decrease below the LCT, 
there was a decrease in forage dry matter digestibility in calves of approximately 0.21 %. 
This response seems to be dependent on the size of the animal. Smaller animals tend to have 
higher LCT than Larger animals and therefore, because of their size, .younger animals will 
also have. a higher LCT than adult animals (Young, 1988). A newborn calf can have a LCT 
of 10° C whereas a mature beef cow that has been acclimated to the cold weather can have a 
LCT of — 10° C (Young, 1988). Christopherson (1976) found that when exposed to an 
ambient temperature of approximately —11 ° C, forage dry matter digestibility of sheep, 
calves, steers, and mature cows decreased as the size of the animal decreased. The reduction 
in forage digestibility for each degree Celsius decrease in temperature was 0.31, 0.21, and 
0.08 for sheep, calves, and steers, but no response was seen for the mature cows. This lack 
of response was possibly due to their size but could also be caused by an adjustment to their 
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environment. Prolonged exposure to temperatures below the LCT induces a process of 
acclimation to cold, which may involve changes in hormonal and sympathetic nervous 
activity (Christopherson, 1976; Kennedy et a1., 1986). 
Because of the increase in gut motility and decrease in rumen retention time of the 
forage substrate, voluntary feed intake of ruminants under cold stress may increase unless 
environmental constraints inhibit consumption (Adams et al., 1986; Decker, 1988; Kennedy 
et a1., 1986). In a review of the literature, Kennedy et al. (1986) found that hay intake by 
growing heifers increased by approximately 21 %during the coldest part of the uTinter while a 
Larger increase (3 5 — 60%) in VFI was seen by sheep. In general, ruminants will increase 
VFI if the animal does not decrease grazing time due to extreme thermal stress such as high 
winds and storm events or if the animal is not restricted from grazing due to ice cover 
(Adams, et al., 1986, Decker, 1988). Adams et al. (1986) observed as minimum daily 
temperature decreases from 0 to -40° C, mean daily grazing time decreased by 50 %and 
forage dry matter intake decreased by an average of ~.3 and 5.3 kg/day in 3 and 6 year old 
beef cows, respectively. 
Thermal insulation can also have an effect on an animal's LCT. In a review of the 
literature, Kenedy et al. (1986} found that shorn sheep had a sharper drop in digestibility of 
forage as ambient temperature decreased from 40 to —20° C than that of unshorn sheep. Also, 
cows in fatter condition have more insulation and a lower winter energy requirement than do 
cows in thin condition because of less energy lost as heat (Decker, 1988; Thompson et al., 
1983 ). Thompson et al. (1983) found that cows with 80 kg of body fat required 6.1 % less 
metabolizable energy during the period of November to February in Minnesota than cows 
with 40 kg of body fat. By feeding for a greater body condition in the fall, the feed 
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consumed in the winter would not have to be as high in digestible energy. However, 
Thompson et al. {1983) estimated that the added 1Vicals required to increase fatness of the 
cows in the fall would result in a 10. b% greater annual ME consumption for the fatter cows. 
Even though the practice of having cows in greater condition coming out of the fall and 
maintained over the winter season would not be as energy efficient, it would still be a sound 
management decision based on forage availability, protection against cold exposure, and 
reproduction. Considering that forage nutritive value of cool season grasses is high and 
physiologically the heifer or cow are in early gestation, it would be easier to accrue fat in the 
fail than it would in late winter during early lactation when forage IVDl~ID and available CP 
is lowest. Likewise, the animal ~~►~ould have a lower LCT throughout the winter and would 
be able to withstand harsher climates. Additional benef is of cows or heifers with greater 
body condition at calving include a shorter post partum interval and an increase in calf 
production. 
Forcrg~ selectiot7 
It has been established that the nutritive value of stockpiled forage declines as the 
winter progresses with losses up to 15°l0 of IVDMD and 20°'0 of CP (Matches and Burns, 
1995; wheeler et al., 2042). At the same time, cows in spring-calving herds require 
consumption of higher quality feed because of progressing gestation. Under low grazing 
pressure, ruminants have the ability to compensate for the divergence in available and 
required forage quality by selecting for a higher portion of leaves (Bagley et al., 1983; Hitz 
and Russell, 1998; Vanzant et al., 1991). Leaf tissue of grasses and legumes are much higher 
in CP and DMD and lower in I~DF than stem tissue because of a higher cell soluble to 
structural (cell wall} carbohydrate ratio Buxton and Mertens, 1995; Collins and Moore, 
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1995). For example, NDF concentrations in the stems of cool season grasses in the flower 
stage were 70%, but only SO% in the leaves. Dry matter digestibility of the cool season 
grasses ranged from 50 to S 5 % for stems and from S 5 to 65 % for leaves depending on their 
height from the ground corresponding to maturity (Buxton and Mertens, 1995). In the 
rumen, cell solubles are more readily digestible by the microbes whereas the cell wall is 
incompletely digested. This is because the cell wall is comprised of digestible 
polysaccharides including cellulose, hemicellulose, and pectins along with indigestible 
phenolic compounds such as lignin (Akin, 1986). As the cell wall matures, lignin forms 
bonds with hemicellulose on the arabinose linkage to form a matrix that cellulolytic bacterial 
in the rumen are unable to break (Akin, 1986). This matrix limits access to not only 
hemicellulose, but also other polysacharides and proteins imbedded within the cell wall 
(Buxton and Mertens, 1995). In field trials, esophageal fistulated pregnant heifers selected 
for a slightly lower NDF and ADL content than non-pregnant heifers 12 days prior to 
parturition, however, there was no effect on the digestibility or concentration of vFAs within 
the rumen (Vanzant et al., 1991). Hitz and Russell (1989) found that steers grazing 
stockpiled grass-legume mixes can select for as much as 17.1 %greater NDMD than what is 
available. When grazing cornstalks, the steers selected for up to 45% greater digestible 
material than that on the field. In general, herbage mass has to be above 2 Mg/ha for 
temperate grasses and 4 Mg/ha for subtropic forages for animals to readily select for a higher 
quality diet (Burns et al., 1989). Because heifers require greater amounts of energy and, 
protein during gestation, it would stand to reason that by reducing the stocking rate and 
therefore, the grazing pressure will allow the heifers to select for the highest quality nutrients 
available. 
~7 
Corn Crop Residue Grazing 
~V7~rtrrtrorlal vall~re o_ f ~ort1 crop resid~~e 
Because of a pasture land shortage in parts of the Western Corn Belt, corn stalk 
grazing by beef cattle has been utilized as a low cost alternative (Klopfenstein, et al., 1987; 
Strohbehn, 1990} source of winter feed, accompanied Wlth low levels of protein 
supplementation (Fernandez-Rivera et al., 1989b; Russell, 1990; Gutierrez-Orneias and 
Klopfenstein, 1991b}. Corn residue is comprised of grain, leaves, stems, husk, and cobs 
which have different nutritional compositions (Lamm and Ward, 1981; Fernandez-Rivera 
and Klopfenstein, 1989a; Gutierrez-Ornelas and Klopfenstein, 1991 a) and can widely vary in 
mass (Gutierrez-Ornelas and Klopfenstein, 1991 a}. Both nutritional quality and mass of 
corn stalks are dependent on multiple variables including plant maturity at harvest, irrigation, 
weathering from harvest to grazing, ratio of plant components, and grazing management. 
Compared to the other. components of corn residue, grain is the highest in quality 
ranging from 9. S to 12.8 % CP and 90.6 to 95.2 % IVOMD depending on geographical 
Location and period since harvest (Lamm and Ward, 1981; Klopfenstein et al., 1987; 
Gutierrez-C)rnelas and Klopfenstein, 1991 a). Because grain is the most digestible part of the 
corn plant, it is also the most preferred by cattle. Visual observations of steer rumen extrusa 
samples show for the first 20 to 30 days, steers would select for higher amounts of grain until 
availability of grain was diminished resulting in more than 90% of residual grain being 
removed during grazing (Gutierrez-~rnelas and Klopfenstein, 1991 a). Likewise, because of 
decreasing amounts of corn in the diet, Fernandez-Rivera and Kopfenstein (1989a) found that 
digestibility of the extrusa from steers on a corn residue diet decreased in IVDMD by 0.6 
percentage units per day. The mass of grain can range from 8I to 41.9 kg/ha (Gutierrez-
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Ornelas and Klopfenstein, 1991x) or 3 to 5% of the entire residue (Klopfenstein et al., 1987), 
depending on harvest efficiency and weathering. 
Because the grain is usually at a dry state prior to harvest, the remaining components 
of corn residue (leaves, husks, cob, stem) are at an advanced stage of maturity. Therefore, 
the remaining residues contain higher concentrations of fiber and are less digestible than if 
the plant was harvested at a higher moisture lever, such as for silage (Wedin and 
Klopfenstein, 1995) In addition to advanced maturity, the vegetative portions of corn 
residues are highly susceptible to weathering causing cell solubles to leach out of the plant, 
leaving a higher proportion of fiber and reduced digestibility (Gutierrez-Ornelas and 
Klopfenstein, 1991 a}. Russell et al. { 1993) found that weathering can account for as much as 
a 30.8°~° reduction in the organic matter mass and a 43°lo reduction in the IVOMD mass from 
corn residues over 56 days of winter grazing. 
Although not as high in nutritional value as grain, the leaf and husk fractions 
comprise 31 (Gutierrez-Ornelas and Klopfenstein, 1991 a) to 53 % of the corn residues and 
can have a utilization rate as high a.s 67 % (Klopfenstein et al., 1987} which makes it an 
important part of the corn residues. Of the remaining residue fractions, the husks and leaf 
blades contain the highest percentage of IVo11~ID at 60..5 to 73.3% and 50.8 to 56.5 % in 
early season trials (October to December) and 65.6 to 68.1 a.nd 36.5 to 37.9 % in late season 
trials (December to March), respectively {Gutierrez-Ornelas and Klopfenstein, 1991 a). 
When combined as a single fraction, Lamm and Ward (1981) found that the husk and leaf 
fraction can contain 66.2 % IVOMD in late October which decreased to 47.9 % by late 
March from weathering alone. The ~P content of the leaf and husk fraction is low compared 
to grain, ranging from 3 to 7 % in November .(Fernandez-Rivera and Klopfenstein, 1989x) 
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and in many instances «ill increase over the winter {Russell, ~ 990), indicating a large portion 
of the CP is bound to fiber as ADIN. 
The final two components of corn residues are the stems and cobs, comprising 
approximately 3 5 to 5 5 and 9 to 15 % of the residues (Lamm and Ward, 1981; Klopfenstein 
et al., 1987). On a DM basis, the proportions of stems are fairly consistent with leaves and 
husks, but because of a 10 to 15 percentage unit greater cellulose concentration (Lamm and 
Ward, 1981 }, stems are less digestible (Gutierrez-Ornelas and Klopfenstein, 1991 a). 
Therefore, the utilization rate of stems is only 0 to 20 % by grazing cattle (Klopfenstein et 
al., 1987}. The utilization of cobs has been shown to be highly variable (0 to 81%) in part 
because of a wide —range in IV(JNID. The IVOMD concentrations of cobs can range from 
29.7 % in irrigated f elds and 52.4% in non-irrigated fields (Gutierrez-Ornelas and 
Klopfenstein, 1991 a) to 62.2 % in high moisture corn (Lamm and Ward, 1981 }. 
Because grazing cattle will select the mare digestible parts of the corn residues (grain 
and leaves), corn crop residues can be more efficiently utilized if access to the field was 
restricted through grazing management practices such as strip-grazing (Russell, 1990). 
Russell et al. (1993) found that by using strip-grazing to restrict access to .41 halcow, cattle 
were still able to maintain similar BW gains to cattle allowed to continuously graze at 1.6 
halcow. However, if excessive snow restricted access to corn residue, benefits of strip-
grazing were lost. 
~fechafzical soil compaction 
In row crop production, soil structure changes caused by high axle loads can cause 
significant reductions in crop yields (Gameda et al., 1987; Gameda et al., 1994; Lal, 1996; 
Flowers and Lal, 1998; Lal and Ahmadi, 2000). Increasing soil bulk density from 
~0 
compaction will decrease total pore space resulting in poor aeration (Lal, 1996), reduced 
water infiltration rate (VVallatt and Pullar, 1983 }, delayed plant emergence (Flowers and Lal, 
1998}, and impaired root growth (Voorhees, 1992}. Although mechanical tilling can aid in 
loosening the seedbed, all effects of compaction are not fullyT alleviated. when tilled, soils 
will maintain large aggregate particle sizes which will reduce water retention and nutrient 
uptake by roots because of decreased root to soil contact (Hakansson et al:, 1988}. No-tillage 
systems are also not immune to compaction problems. Even though the total field traffic is 
generally reduced in a no-till system, it may take longer for natural processes such as 
biological activity (earth warms and other organisms} and freezing and thawing of the soil to 
loosen compacted soils (Hakansson et al., 1988). 
The effects of compaction can be worsened by increased soil moisture content at the 
time of traffic (McCormack, 1987} and persistence of compaction increases on high clay 
soils (Hakansson et al.. 1988; Lal and Ahmadi, 2000}. Gameda et al. (1987} found an 18 
tonnelaxle load on a 3 ~% clay soil at harvest, under dry conditions, resulted in a average 26% 
reduction in corn grain yields the following year. When axle loads were applied under wet 
conditions, 9 and 18 tonne~axle loads resulted in 24~ and 4~°'° reductions in corn gram yields, 
respectively. In a study conducted in northwest Ohio, Flowers et al. (1998) found on soils 
containing 3 8.9% clay and. 3 0 to 3 5% moisture contents, an axle Load of 10 tonne at harvest 
time reduced soybean yields by 9°f°, whereas a Load of 20 tonne reduced yields up to 19% 
and was significantly correlated with bulk density. However, on lower clay soils, Lal et al. 
(2000} found a 7.5 tonne axle load on a soil with 15% clay showed no significant reduction 
in corn grain yield for 6 years. Another study by Lal et al. (1996} on a 3 9% clay soil showed 
that the .effects of 10 tonne and 20 tonne axle loads on corn and soybean yields persisted 
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even 2 to 3 years after loads were applied, although the e#~ects on soil bulk density 
measurements were not significant. 
Trampling effects on sail compaction 
The pressure exerted by a grazing cow may be similar to that of harvest implements. 
Estimates of ground pressure from a standing cow ranges from 123 kPa for a mature beef 
cow (Betteridge et a1., 1999) to 192 kPa for a mature Jersey cow (~~allatt and Pullar, 1983). 
However, pressures under the grazing animal will be even higher when the animal is moving, 
due to kinetic energy and animal's weight being supported on fewer feet (Greenwood et al., 
1997). Scholefield et al. (1985) estimated a 500 kg cow could exert up to 490 kPa of 
pressure when v~~alking. These pressures are compared to the estimated 110 to 120 kPa 
pressure applied by a 20.5 tonne front end loader (Stone and Robl, 1996) or 13 8 kPa of 
pressure applied by a combine at harvest (Personal communication, Dr. Stewart Melvin, 
2x03). 
Under pasture conditions, grazing has been shown to have varying effects depending 
on the soil texture (VanHaveren, I~983}, water content at time of grazing (Scholefield et al., 
1985), and grazing pressure (warren et al., 1986). It has been shorn that f ner textured soils 
are more susceptible to compaction as compared to course textured soils (VanHaveren, 
1983). Likewise, as water content of the soil and grazing pressure increases, so does the 
likelihood of soil compaction (VanHavern, 1983; Scholefield et al., 1985). As a result, dense 
layers of soil may be formed that seriously impede the elongation of roots and limit the 
transport of water, oxygen and nutrients (Scholefield et a1., 1985). Mulholland and Fuilen 
(1991) showed that intense trampling by cattle on sandy loam soils decreased water 
infiltration rate by 93% and increased bulk density by 22% in the first 10 cm of soil. 
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Likewise, Drewry et al. (2001) found on perennial ryegrass in a silt loam soil, the bulk 
density of soil under intense treading increased bulk density by 14% and decreased the yield 
by 7.6%. However, Twerdoff et al. (1999} found that increasing grazing intensity on a silt 
loam soil with selected perennial and annual forage species increased soil bulk density by 11 
to 13% at the 0 to 10 cm range, but these increases were inadequate to impede root growth. 
Similar variability in soil physical properties results has been found in other research with 
grazing livestock (VanHavern, 1983; Chanasyk and Naeth, 1995; Betteridge et al., 1999). 
The difference between studies in the reaction of soil to trampling treatments could be 
a result of many factors including inability to standardize and quantify "intense treading" 
treatments because of the randomness of live animals and the difficulties in controlling 
pressure and trampling pattern (Drewry et al., 2001). Also, different soil types have varying 
levels of macroporocity and can withstand greater or lesser levels of compaction before the 
macropore volume is decreased to 10%, which is considered inadequate for soil aeration 
(Twerdoff et al., 1999). Likewise, differences in pasture establishment or plant species may 
have developed a varying degree of root networks which have been proven to aid in the 
reduction in the severity of compaction (Bss et al., 1998). 
Preceding researchers have studied the effects of both mechanical compaction on 
row-crop production and trampling effects of livestock on pasture production. However, 
there have .been few studies (Lesoing et al . 1997) conducted to determine the results of cattle 
grazing crop residues on subsequent row-crop yields. Most importantly, there have been no 
studies that encompass the entire Fall to Spring season which include various soil 
temperature and moisture conditions. To decide whether the benefits of utilizing corn crop 
residues outweigh the detrimental effects of reduced crop yields, producers must have 
33 
information on whether cattle trampling adds to the effects of harvest equipment or if 
freezing of soils during the winter is adequate to prevent further compaction. 
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ABSTRACT 
Two 12.1-ha blocks containing `Fawn' endophyte-free tall fescue and red clover were 
prepared to study the effects of stocking rates and corn gluten feed supplementation on 
growth and forage intake of pregnant beef heifers grazing stockpiled forages. In 2001 (yr 1) 
and 2002 (yr 2), forage was harvested as hay in two cuttings and stockpiled beginning in 
early August. Each block was divided into four pastures containing 2.53 or 3.54 ha for 
stocking rates of 1.17 (high) or 0.84 (low) heifers/ha. On November 7 and October 23 of yr 
1 and 2, 24 Angus and Angus x Simmental heifers in mid-gestation were allotted to the eight 
pastures. Eight similar heifers were placed in two dry lots and fed tall fescue-red clover hay. 
Corn gluten feed was supplemented to heifers in two of the pastures at each stocking rate and 
to heifers in the dry lots at levels to meet target weight gains for BW and conceptus gain 
while the remaining heifers were fed corn gluten feed only if weight gains did not meet those 
for conceptus gain. Average daily gains and body condition score increases were greater (P 
< 0.05). for heifers grazing stockpiled forage at either stocking rate than heifers fed hay in 
both years. Mean seasonal concentrations of IVDMD were greater (P < 0.05) and NDF, 
ADF, and ADIN were lower (P < 0.05) in the stockpiled forage than hay. In yr 1, heifers 
grazing stockpiled forage at the high and low stocking rates required 49 to 90% less corn 
gluten feed than heifers fed hay. In yr 2, heifers grazing stockpiled forage required no corn 
gluten feed while heifers fed hay required 0.84 kg/d. Mean forage and total DMI, as 
percentages of B~V, of heifers grazing stockpiled forage did not differ between stocking and 
supplementation rates in November and March, but were lower (P < 0.05) than heifers fed 
hay in March. Mean production costs .were 0.86, 0.87, 0..64, 0.65, and 1.17 $/d for heifers 
grazing stockpiled forage at the low stocking rate at the .low or high level of corn gluten feed 
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supplementation, grazing stockpiled forage at the low or high level of corn gluten feed 
supplementation, and fed hay and corn gluten feed. 
Key Words: Beef Cattle, Heifers, Grazing, Stockpiled Forage 
Introduction 
In a cow-calf enterprise, fall stockpiling of grass-legume forages such as tall fescue 
(Festuca arundinacea L.) and. red clover (T. pratense L.} have been used to extend grazing 
into winter, thereby reducing the dependency on mechanically harvested forages (Allen et al., 
1992; Kerley et al., 1990). Hersom (1999} found that the amounts of hay fed to gestating 
beef cows grazing corn crop residues and stockpiled forages were 2,670 to 2,715 kg DM/cow 
lower than cows fed hay in a dry lot. Similarly, Schoonmaker et al. (2003) observed that 
grazing stockpiled forages reduced the number of hay supplementation days for beef cows in 
mid to late gestation by 82%. Because hay harvest has high labor, equipment, and fuel costs, 
extending the grazing season and reducing hay supplementation will reduce production costs 
(D'Sousa et al., 1990; Lawrence and Strohbeh~n, 1999). 
While mature spring-calving beef cows grazing stockpiled forages can maintain equal 
or greater body condition to those fed hay in a dry lot (Hersom, 1999; Hitz and Russell, 
1998), there is concern whether stockpiled forages can meet the nutritional needs for growth 
of first calf heifers. In .addition, pregnant heifers have added requirements of fetal 
development during late gestation (NRC, 1996}. The last trimester of gestation for s rin -p g 
calving cattle occurs during mid to late winter when the concentrations of in vitro OM 
disappearance (NOMD) and CP in stockpiled forages are reduced by 15% and 20% 
compared to early fall (Archer and Decker, 1977b; Matches and Burns, 1995; Wheeler et al., 
2002). In addition, voluntary feed intake decreases 1.5 to 2 %Iwk in the last 2 to 3 wk of 
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gestation, thereby increasing the need for higher quality forage (Ingvartsen et al,, 1992; NRC, 
1996). To compensate for decreasing quality during late winter, the stocking rate of heifers 
grazing stockpiled forage may be decreased to increase selection of higher quality forage 
(Bagley et al., 1983) or energy may be supplemented. 
The objectives of this project were to evaluate the effects of stocking rate and corn 
gluten feed supplementation on the performance and the intake and selection of forage by 
pregnant beef heifers grazing stockpiled tall fescue —red clover pastures. 
Materials and Methods 
Pastures 
Two 12.2-ha blocks of land at the Iowa State University Beef Nutrition Farm near 
Ames, IA .were seeded with `Fawn' endophyte-free tall fescue at 16.8 kg/ha in the spring of 
2000 by drilling and again through broadcast-seeding at 4.5 kgiha the following fall. To 
establish and maintain red clover in the pastures, common red clover was broadcast seeded at 
9.0 and 4.5 kg/ha during the last week of March in 2001 and 2002, respectively. Forage in 
the pasture was harvested as hay in large round bales in early June and August and stored as 
a 3-bale tall pyramid under tarps. After the August hay harvest, forage was allowed to 
stockpile for later ~ grazing. Stockpiling and grazing were initiated on August 6 and 
November 7 in 2001. (yr 1) and August 8 and October 23 in 2002 (yr 2). Urea was applied to 
pastures at a rate of 50.4 kg N/ha in early September of each year. 
Each of the two 12.2-ha blocks were divided into four pastures; two containing 2.53 
ha for a high stocking rate of 1.17 heifers/ha and two containing 3.54 ha for a low stocking 
rate of 0.84 heifers/ha. The high- and low stocking rates were calculated to have grazing 
efficiencies of 70 and 50%, respectively, but maintain the same number of grazing days. 
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Each pasture was subdivided into 8 paddocks in preparation for strip-stocking. Thirty-two 
Angus (mean initial BW, 463 ± 17 kg; mean initial body condition score, 5.1 + 0.11) and 
Angus x Simmental (mean initial BW, 442 ± 12 kg; mean initial body condition score, 4.5 + 
0.13) heifers in mid-gestation were blocked by weight in yr 1 and 2, respectively. Three and 
four heifers were allotted to each pasture and two dry lots, respectively. To determine initial 
forage mass, forage samples were hand-clipped from two 0.25-m2 locations/paddock, 
composited by pasture, weighed and dried at 65°C for 48 h. At an estimated DMI of 2.5% of 
BW and average forage masses of 2501 and 3335 kg initial forage DM/ha, the calculated 
allowable grazing days were 127 and 178 d for heifers grazing stockpiled forage in yr 1 and 
2, respectively. Because of early calving dates, heifers grazing stockpiled forage in yr 2 were 
removed after 154 d of grazing. Heifers in the dry lots were fed tall fescue-red clover hay at 
an ad libitum level as large round bales harvested from the pastures in the previous summer. 
Corn gluten feed supplementation levels based on target weights were calculated as 
treatment averages, using the Cornell Net Carbohydrate and Protein System computer model 
(CNCPS, 2000). Heifers in both dry lots and two pastures at each stocking rate were 
supplemented with corn gluten feed to a target weight gain based on heifer growth and 
conceptus gain (high target weight). Heifers in the remaining two pastures at each stocking 
rate received corn gluten feed to a target weight gain based on conceptus growth only (low 
target weight). A mature body weight was estimated based on herd data at 590 and 555 kg 
for yr 1 and 2, respectively. Corn gluten feed was also supplemented if severe weather 
limited availability of pasture forage. All heifers had access to water and a mineral and 
vitamin mix containing 17 to 20% NaCI, 15 to 18% Ca, 1 %a Mg, 1 % K, 1100 ppm Cu, 1700 
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ppm Zn, 1300 ppm Mn, 28 ppm Se, 890,000 IU/kg Vit. A, 220,000 IU/kg Vit. D~, and 440 
IU/kg of Vit. E. 
At the initiation and termination of the experiment, all heifers were fed tall fescue-red 
clover hay for 3 d prior to weighing to adjust for gut fill. Heifer BW were measured 
biweekly during the experiment with no adjustment for gut fill. Simultaneous to weighing, 
body condition was scored by two experienced individuals on a 9-point scale (Neumann and 
Lusby, 1986). At the time of calving, birth weights were measured and calving ease was 
scored from 1 to 4 where 1 was no assistance, 2 was assistance without mechanical help, 3 
was use of mechanical aid, and 4 was use of mechanical aid resulting in calf loss. Stillborn, 
mummified, or other deaths, not a direct result of calving difficulty, were not included in the 
calving ease score. All procedures for animal care and management were approved by the 
Institutional Committee on Animal Care at Iowa State University (protocol number 10-1- 
4988-B). 
Forage Sampling 
One day prior to grazing, pasture forage samples were taken at eight 0.25 m2
locations/pasture to determine botanical composition. Samples were hand-sorted into live 
tall fescue, red clover, and broadleaf weeds, and dead forage, dried at 65° C for 48 h, and 
weighed to calculate the proportion of each fraction in the total forage DM. To quantify the 
change in forage mass and composition over winter, pasture samples were hand-clipped to a 
height of 2 cm at two 0.25-m2 locations per paddock every 28 d. Samples were composited 
from grazed and nongrazed areas of each pasture by month. To evaluate the effects of 
weathering on forage mass. and composition at the end of the season, forage was hand-
clipped from a 0.25-m'` square within one 0.5-m2 grazing exclosure in each of the 8 paddocks 
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per pasture. Large round bales were weighed and core-sampled to a depth of 30.5 cm at four 
locations around the outside of the bale every 28 d prior to feeding to heifers in the dry lot. 
Forage Selection 
Forage selected during grazing was collected on two consecutive days during 
November and March using ruminally fistulated steers. Seven days prior to collection, one 
steer was allotted to each pasture and dry lot for adjustment. On collection days, ruminal 
contents were evacuated, steers were allowed to feed for 2 h, and selected forage was 
removed as masticate from the rumen, sub-sampled, and frozen for later analysis. 
Forage DMI 
Simultaneous to determination of forage selection, forage DMI was estimated from 
fecal output, determined from the passage kinetics of Cr-mordanted fiber (Mann et al., 1987), 
and forage digestibility, determined as IVDMD of selected forage. Neutral detergent fiber 
was prepared from masticate collected by ruminal evacuation after 2 h of grazing by 
fistulated steers and mordanted with 2% Cr according to Russell et al. (1993). Two heifers 
per pasture and dry lot were pulse-dosed with 30 g of mordanted fiber in gelatin capsules and 
fecal samples were collected at 0, 18, 22, 26, 30, 42, 50, 66, 74, 90, 98, and 114 hpost-
dosing. Fecal samples were dried at 65 ° C in a forced air oven for a minimum of 6 d, ground 
through a 1-mm screen of a Thomas-Wiley mill (A. H. Thomas Co., Philadelphia, PA) and 
analyzed for chromium by atomic absorption spectrophotometry of manganese sulfate-
potassium bromate-phosphoric acid extracts (Williams et al., 1962). Passage kinetics of Cr-
mordanted fiber were determined by the nonlinear regression procedure of SAS (SAS Inst. 
Inc., Cary, NC) using agamma-two, age-dependent, two-compartment model of fecal 
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chromium concentration (Pond et al., 1988) and used to estimate fecal output (Mann et al., 
1987). 
Forage DMI was calculated as: 
Forage DMI, kg/d = (Fecal DM output, kg/d —Corn gluten feed fecal DM output, kg/d) / (1 
— IVDMD of the forage) 
Corn gluten feed fecal DM output calculated as: 
Corn gluten feed fecal DM output, kg/d = (1 — TDN of corn gluten feed) *Corn gluten DM 
consumed, kg 
using the TDN concentration in the 1996 Nutrient Requirements of Beef Cattle (NRC, 1996) 
Forage Chemical Analysis 
All pasture and hay forage samples were dried in a forced air oven (Blue M Electric 
Co., Blue Island, IL) at 65°C for 48 h and weighed to determine DM concentration. Ruminal 
masticate samples were freeze-dried (Virtis SupraChamber 24, Virtis Company, INC., 
Gardiner, New York). Forage samples were ground through a 1-mm screen in preparation 
for chemical analysis. Forage CP concentrations were calculated as 6.25 times the nitrogen 
concentrations deternuned by the micro Kjeldahl technique (AOAC, 1990). Forage NDF 
and ADF concentrations were determined in fiber bags by sequential analysis (Van Soest and 
Robertson, 1979) using an ANKOM fiber analyzer (ANKOM Technology Corp., Fairport, 
NY). After weighing, ADF was. removed from the fiber bags, reweighed, and analyzed for 
nitrogen content using the Kjeldahl technique (AOAC, 1990) to determine ADIN. Forage 
IVDMD concentrations were determined using a 48-h incubation in ruminal fluid and the 
NC-64 buffer in 50 ml tubes sealed with rubber stoppers fitted with Bunsen valves, followed 
by a 24-h incubation in HCI and pepsin (Marten and Barnes, 1979). 
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Economic analysis 
Production costs for heifers grazing stockpiled pasture at different stocking and 
supplementation rates or fed hay in a dry lot were calculated based on the stocking rates and 
amounts of corn gluten feed supplemented to each treatment group in the experiment. Prices 
were assumed to be $58.96/metric ton for corn gluten feed, $148lha for annual pasture rent, 
and $0.20/hd/d for dry lot rent. Costs of initial pasture establishment (Barnhart et al., 2000), 
perimeter and cross fence (Mayer, 1999), and watering systems (Wells, 1995) were 
estimated. Allocation of annual rental rate and pasture establishment costs to grazing of 
stockpiled forages was based on the proportion of total annual forage production stockpiled 
for winter grazing and the pasture life expectancy and averaged 29 and 27% for the low and 
high stocking rates. The cost of hay fed to heifers in the dry lot were $45.36/metric ton 
totaling $116.53 and $141.30 in yr 1 and 2 based on the actual hay yields from the 
experimental. pastures, the costs of custom harvest (Edwards, 2003), and the proportion of the 
rental and pasture establishment, based on forage production harvested as hay. Other costs 
such as veterinarian, medication, and labor were assumed to be equal for all treatments and 
were not included. 
Statistical Analysis 
Statistical analysis of the data was conducted using the GLM procedure of SAS (SAS 
Inst. Inc., Cary, NC) .within each year based on pasture as the experimental unit. To analyze 
changes in forage mass of grazed and ungrazed areas of stockpiled pastures, rates of change 
were calculated by regression analysis (SAS Inst. Inc., Cary, NC) and analyzed as a split-
split plot with stocking rate as the main plot, supplementation as the sub-plot, and grazing as 
the sub-sub plot. Forage composition of stockpiled forage from nongrazed areas of the 
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pastures and hay over winter were analyzed by two-way ANOVA with main effects of the 
forage and month and the interaction of forage and month. Botanical composition, heifer 
ADO, and daily body condition score change were analyzed within year by two-way 
ANOVA with main effects of forage treatment and supplementation rate and the interaction 
of forage treatment and supplementation rate. Differences between means of variables with 
significant treatment effects were analyzed using orthogonal contrasts of stockpiled forage 
versus hay, high versus low stocking rates, and high versus, low supplementation rates. The 
composition of ruminal masticate selected during grazing and monthly heifer feed intake data 
were analyzed by month and between months within year for forage treatment using one-way 
ANOVA and testing the differences between means of variables with significant treatment 
effects using orthogonal contrasts of stockpiled forage versus hay, high versus low stocking 
rates, and high versus low supplementation rates. Calving ease and birth weight data were 
analyzed as one-way ANOVA for the five treatments within year. Differences between 
variables with significant treatment effects were tested using orthogonal contrasts of 




Proportions of tall fescue, red clover, and broadleaf weeds, as percentages of live 
plant DM in the pastures before grazing, did not differ (P > 0.0~) between stocking rates in 
either of the two years. Tall fescue, red clover, and broadleaf weeds were 83.5, 12.5, and 
4.0% of the live DM in yr 1 and 76.0, 12.3, and 11.5% of the live DM in yr 2. Because of 
frost-seeding, the proportion of red clover did not differ between years, but the proportions of 
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tall fescue decreased as those of broadleaf weeds such as Canadian thistle increased in yr 2. 
Percentages of dead material in the total plant DM were 19.8% in yr 1 and 4.3% in yr 2 and 
did not differ (P > 0.05) between pastures at either stocking rate in either year. 
Stockpiled Forage Mass 
Masses of stockpiled tall fescue and red clover forage at the initiation of grazing were 
2501 and 3335 kg DM/ha in yr 1 and 2 (Table 1). The lower forage mass in yr 1 seems 
related to precipitation in August and September that was 9.6 cm lower than yr 2. In 
contrast, the first killing frost (< -2.22°C for four hours) was 10 d later in yr 1 than yr 2 (Oct. 
17 vs. Oct. 7). In both years, because stocking rate or supplementation level had no 
significant effects or interactions with grazing on daily changes of forage DM mass in the 
grazed or non-grazed areas of the pastures, changes in forage mass are presented as 
combined means (Table 1). In yr 1, daily change in forage mass was greater (P < 0.01) in 
grazed than non-grazed areas of the pastures. In yr 2, however, weathering losses of DM 
from non-grazed areas did not differ from losses in the grazed areas, possibly because of 10 
cm greater snowfall from November to March in yr 2 than yr 1. Although stocking rates had 
been designed to have grazing efficiencies of 70 and 50%, forage DM removal rates from 
pastures at high and low stocking rates calculated from the forage masses at the initiation and 
termination of grazing were 51 and 48% in yr 1 (P = 0.67) and 64 and 52% in yr 2 (P = 
0.46). 
Forage Chemical Composition 
Because stocking rate or supplementation treatments had no effects on the daily 
change in CP or IVDMD of stockpiled fescue-red clover forage in either of the two years 
over 140 d, daily changes in forage composition were combined for comparison of grazed 
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and non-grazed forage (Table 1). Daily changes in the concentrations of CP, IVDMD, and 
ADIN did not differ between grazed and non-grazed pasture areas in either year, implying 
that the effects of weathering were comparable to grazing. In comparison to non-grazed 
stockpiled forage, tall fescue-red clover hay had lower concentrations of CP (P = 0.08 and P 
< 0.01 in yr 1 and 2) and IVDMD (P < 0.01 in both years) at the initiation of grazing (Table 
2). While the CP and IVDMD concentrations of stockpiled forage decreased over winter, 
however, concentrations of CP (Forage x Month, P < 0.01 in yr 1 and P =0.04 in yr 2) and 
IVDMD (Forage x Month, P < 0.01 in yr 1) in the hay changed little. In both years, ADIN, as 
a percentage of total N, was greater (P < 0.01) in hay than stockpiled forage at the initiation 
of grazing and increased more (Forage x Month, P < 0.01 in yr 1 and P = 0.02 in yr 2) than 
stockpiled forage over the grazing period. 
Concentrations of NDF (P =0.03) and ADF (P = 0.08) in stockpiled forage from the 
grazed areas of the pastures increased more rapidly than non-grazed areas in yr 1, but did not 
differ between grazed and non-grazed areas in yr 2 (Table 1). Mean concentrations of NDF 
and ADF were lower (P < 0.01) in non-grazed stockpiled forage than hay in both years, but 
increased more (Forage x Month, P < 0.01) in non-grazed stockpiled forage than hay in yr 1 
(Table 2). 
Forage Selection 
In November and March of both years, mean IVDMD concentrations of ruminal 
masticate selected by steers fed the hay diet were significantly lower (P < 0.04) than 
masticate collected from steers grazing stockpiled forage (Table 3). Likewise, steers grazing 
stockpiled forage with the low stocking rate selected forage with a greater (P = 0.02) 
percentage of IVDMD than those grazing at the high stocking rate in March of yr 2. Similar 
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tendencies between the low and high stocking rates were observed in the other three periods 
(P = 0.12, November, yr 1; 0.14, March, yr 1; and 0.13, November, yr 2). The IVDMD 
concentration of masticate did not differ between November and March in either year for 
either stockpiled forage treatment, indicating the ability of the steers to maintain selectivity 
for IVDMD when grazing. In yr 2, there was a decrease (P = 0.02) from 50.4 to 45.3 °Io 
IVDMD from November to March in forage collected from steers in the dry lot. 
Similar to IVDMD, ruminal masticates collected from steers fed the tall fescue-red 
clover hay diet were also consistently lower in CP (P < 0.03) and higher in ADIN (P < 0.04) 
than those grazing either stockpiled forage treatment. In November of yr 1 and 2, 
concentrations of CP tended to be greater (P = 0.10 and 0.08) and ADIN tended to be lower 
(P = 0.09 and 0.08) in the masticate of steers grazing at the low stocking rate than the high 
stocking rate.. 
Total and Forage DMI 
During measurement of forage intake in November and March of yr 1, heifers grazing 
stockpiled forage with corn gluten feed supplementation to the high target weight received 
0.45 and 0.9 kg/heifer/d of corn gluten feed, while heifers in the dry lots received 0.45 and 
2.75 kg/heifer/d, respectively. In yr 2, only heifers fed hay in the dry iot received corn gluten 
supplementation during measurement of intake at 0.45 and 0.9 kg/heifer/d in November and 
March. Although there was supplementation of corn gluten feed, there were no significant 
effects of supplementation or forage by supplementation interactions on voluntary forage or 
total feed (forage plus corn gluten feed) intake and, therefore, data are presented as combined 
means for the two stocking rates (Table 4). 
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Forage intake, expressed as kg/d, did not differ between forage types or stocking rates 
in either of the two months that intake was measured in the two years (Table 4). However, 
forage intakes, as percentages of BW, of heifers grazing stockpiled forage at either stocking 
rate were lower (P = 0.04) than. heifers fed hay in the dry lots in March of yr 2. Because of 
the greater amounts of corn gluten feed supplemented to heifers in the dry lots, corn gluten 
feed supplementation resulted in even greater differences in total DMI as percentage of BW 
(P = 0.02 and < 0.01) between heifers grazing stockpiled forage or fed hay in March of each 
year. When compared from November to March, forage intakes as percentages of heifer BW, 
decreased in all three treatments in both years (P < 0.05). 
Animal Performance and Corn Gluten Feed Supplementation 
In both years, corn gluten feed supplementation to either the low or high target weight 
gains did not affect ADG or daily change in condition score (P > 0.1) of heifers grazing 
stockpiled forage. Also, there were no interactions between stocking rate and 
supplementation rate, indicating that supplementation of corn gluten feed had no effect on 
heifer performance within stocking rate treatment (P > 0.1). In both yr 1 and 2, mean ADG 
for heifers grazing stockpiled forage at the ]ow stocking rate treatment were greater (P < 
0.05) than those in the high stocking rate treatment averaging 0.90 and 0.79 kg/d in yr 1 and 
0.99 and 0.92 kg/d in yr 2, respectively (Figure 1 a and b). Likewise, mean ADG of heifers 
grazing stockpiled forage at either stocking rate were greater (P < 0.1) than the ADG of 
heifers fed hay in a dry lot (0.47 -and 0.49 kg/d in yr 1 and 2). However, the BW of heifers 
fed hay and corn gluten feed at the termination of the experiment were 1.7 and 13.0 kg/heifer 
lower than required for growth and conceptus gain as predicted by the CNCPS in yr 1 and 2 
(Figure 1 a and b). 
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Body condition scares of heifers grazing stockpiled forage at the low stocking rate 
increased slightly over the 127-d grazing season, while those of heifers grazing stockpiled 
forage at the high stocking rate did not change in yr 1 (P < 0.1; Table 5). In yr 2, body 
condition scores of heifers grazing stockpiled forage at either stocking rate treatment 
increased by 0.5 to 1 points, but did not differ between stocking rates over the 154-d grazing 
season. In contrast, although BW gains of heifers fed hay and corn gluten feed were near the 
target weight gains for growth and conceptus in both years, the body condition scores of 
these heifers decreased over the experiment by 0.22 and 0.12 points (Forage, P < 0.1) in yr 1 
and 2, respectively. 
Including wastage, hay consumption in the dry lot was estimated to be 13.0 and 14.3 
kg/hdid in yr 1 and 2, respectively. Because corn gluten feed supplementation was based on 
treatment averages rather than pasture averages, there were no replications of the corn gluten 
feed supplementation treatments and statistical analysis of corn gluten feed supplementation 
could not be done. Because of the high ADG of heifers grazing stockpiled forage, they were 
fed 9.7 and 50.6% as much corn gluten feed as heifers in the drylot in yr 1 (Table 5}. On one 
instance in yr 1, all heifers in the pastures and dry lots received an emergency ration of 2.72 
kg/heifer/d of corn gluten feed for three days starting March 2, 2002 because of a severe 
snowstorm. In yr 2, at no time did the heifers grazing stockpiled forage at either stocking 
rate receive any corn gluten feed supplementation. However, in yr 2 heifers fed hay in the 
dry lot required an average of 0.84 kg/heifer/d of corn gluten feed. The low amounts of corn 
gluten. feed that were supplemented to heifers grazing stockpiled forage may have resulted 
from the high nutritional value of stockpiled forage or the weather conditions. Average 
temperatures were within 1.8 to 0.4°C (yr 1 and 2) of the 30-yr average, but precipitation and 
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snowfall were 1.4 and 11.0 cm lower than the 30-yr average from November to March in yr 1 
and 2.2 and 8.9 cm lower than the 30-yr average from November to March in yr 2. 
The greater BW gains of heifers grazing stockpiled forage than those fed ahay-based 
diet resulted in greater calf birth weights than heifers fed hay except in heifers grazing 
stockpiled forage at the high stocking rate supplemented with corn gluten feed to the low 
target weight in yr 1 (Table 5; P < 0.10). There were no significant differences in calving 
ease between the five treatments. One heifer fed the hay-based diet gave birth to a 
mummified fetus in yr 1 and one calf from a heifer that grazed stockpiled forage at the high 
stocking rate and supplemented to the low target weight died as a result of complications at 
parturition in yr 2. Because of the low number of repetitions, calving data should be 
interpreted with caution. 
Economic Analysis 
Daily production costs for heifers grazing stockpiled forage were lower than heifers 
fed hay and corn gluten feed in a dry lot in both years (Table 6). In yr 1, the daily production 
costs for heifers grazing stockpiled forage at the low stocking rate and supplemented to the 
.high .and low target weights and grazing stockpiled forage at the high stocking rate and 
supplemented to the high and low target weights were 23, 22, 43, and 41 %lower than the dry 
lot, respectively. In yr 2, there was no supplementation of corn .gluten feed to the heifers on 
any stockpiled forage treatment, therefore production costs for heifers grazing stockpiled 
forage at the low and high stocking rates were 30 and 44% lower than feeding hay and corn 
gluten feed in the dry lots. Because the major costs associated with grazing stockpiled forage 
are the pasture rental and establishment costs, production costs per head per day decreased as 
the stocking rate increased. Sensitivity analyses showed that feeding hay and corn gluten 
50 
feed to heifers in the dry lot was more sensitive to a 20~Io increase or decrease in hay price 
than a 20% increase or decrease in pasture rental was on heifers grazing stockpiled forage. 
Discussion 
In the first year of this experiment, weathering of stockpiled forage leached cell 
soluble plant components leaving higher concentrations of NDF and ADF (Hedtcke et al., 
2002). The increasing fiber concentration of the stockpiled forage caused IVDMD to 
decrease over the winter season by 27.5%, similar to results observed in other research 
(Kerley et al., 1990; Matches and Burns, 1995; Wheeler et al., 2002). In yr 2, the IVDMD of 
the stockpiled forage only decreased by 5 °Io over the winter, however, the initial value was 
57% at the start of the experiment compared to 63.6°Io in yr 1. The lower initial IVDMD 
concentration in yr 2 may have resulted from either an increase in weed encroachment from 
4°Io in yr 1 to 11.5% in yr 2 or because of a 33 °Io increase in total forage growth resulting in 
an advanced stage of maturity at the time of the first killing frost. . Hitz and Russell (1998} 
found that an increase in stockpiled fescue-alfalfa DM yield by 19 to 22% decreased initial 
IVOMD of the stockpiled forage by 24 to 30%. The stockpiled forage also showed a 29 and 
20°Io reduction in CP content in yr 1 and 2, respectively, similar to results found by Hersom 
(1999) with stockpiled tall fescue and red clover. 
Although the stockpiled forage decreased in quality over the winter in both years, at 
no point did the IVDMD concentration of stockpiled forage drop below that of the hay. 
Furthermore, the higher ADIN percentage of the hay resulted in less available CP than 
stockpiled forage. Because of greater IVDMD and available CP concentrations, heifers 
grazing tall fescue-red clover stockpiled forage had nearly twice the ADG and maintained 
higher body condition scores than heifers fed first-cutting tall fescue-red clover hay in a dry 
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lot. In yr 1, because of the higher nutritional value of the stockpiled forage, heifers grazing 
stockpiled forage required 49% less corn gluten feed supplementation when supplemented 
for conceptus and body growth than those in the dry lot and 90% less corn gluten feed when 
supplemented for conceptus growth only. In yr 2, heifers grazing stockpiled forage required 
no corn gluten feed supplementation while those on dry lot consumed 0.84 kg/heifersld. 
Previous research has also demonstrated that mature cows grazing stockpiled forage can 
require as much as 2,670 to 2,715 kg DM/cow less supplemental hay over the winter season 
as compared to similar cows maintained in the dry lots. 
Although there was a significant difference between the ADG of heifers grazing 
stockpiled forage at the low and high stocking rate, it was not as great as was expected 
because of differences in grazing pressure. By experimental design, heifers grazing at the 
high and low stocking rates were to remove 70 and 50% of the forage. As a result, heifers 
grazing at the high stocking rate should have been forced to consume lower quality forage. In 
yr 1, actual forage DM removal rates were only 51 and 48% at the high and low stocking 
rates, respectively. The low forage DM removal seems to have resulted from an over-
estimation of forage intake when calculating forage allotment at the initiation of grazing. 
Although forage intake was estimated at 2.5% of BV~, forage DMI averaged over the 
measurements in November and March were 24 and 29% lower than estimated in heifers 
grazing at the low and high stocking rate treatments, respectively. In yr 2, average forage 
DMI in November and March were 2.30 and 2.14% in heifers at the low and high stocking 
rates and, therefore, forage DM removal rates were 52 and 64%. Although removal rates 
were lower than expected for the high stocking rate, there was a tendency for selected forage 
samples by the rumen fistulated steers to be lower in IVDMD and CP in the high stocking 
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rate than the low stocking rate indicating greater grazing pressure. It is believed that in order 
to see an effect of grazing pressure on the quality of forage consumed by the animal the 
availability of forage must fall below 10 kg forage DM/100 kg of BW (Marsh, 1979). In the 
high stocking rate treatment forage availability may have been below 10 kg forage DM/ 100 
kg of BV~ depending on the period of time sense the cattle were released into a new grazing 
paddock. 
Forage intake of heifers across all treatments decreased from November to March as 
gestation progressed into the third trimester, which is typically observed in cattle (Forbes, 
1996; Ingvartsen et al., 1992; Muir et al., 1972). V~hile the cause of reduced forage intake in 
late gestation is yet to be fully understood (Forbes, 1996), it is believed that added pressure 
of the fetus and uterus on the rumen (Forbes, 1968; Forbes, 1971; Hanks et al., 1993) and an 
increase in leptin production are partly responsible (Block et al., 2001; Ingvartsen and 
Boisclair, 2001). 
The economic analysis of the different wintering systems showed that heifers allowed 
to graze stockpiled forage had lower production costs than feeding ahay-based diet in dry 
lots over the same period. Other researchers have also found that harvesting winter forage by 
grazing cattle had greater returns than mechanical removal and feeding of hay in dry lots 
(Adams et al., 1994; D'Sousa et al., 1990; Schoonmaker et al,., 2003). However, because of 
wide variability in rental rate, pasture establishment, and hay costs, profitability of different 
wintering systems can change between different operations (D'Sousa et al., 1990). 
Although production costs of heifers fed hay in the dry lots never fell below that of 
stockpiled forage, production costs of heifers grazing stockpiled forage may be increased if 
greater supplementation of corn gluten feed or hay were required. Average snowfall from 
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November to March was 11 and 9 cm below the 30 yr average during yr 1 and 2 of this study 
(NOAA, 2001; NOAA, 2002; NOAA, 2003) and a 3-d ration of corn gluten feed was 
adequate to sustain the heifers grazing stockpiled forage during a severe storm in February of 
yr 1. In years with normal or greater snowfall, hay supplementation may be required if snow 
or ice accumulates to a depth greater than SO cm (Decker, 1988), which will increase 
production costs (Lawrence and Strohbehn, 1999). 
Implications 
Grazing stockpiled tall fescue—red clover pastures by heifers during the winter season 
is a viable alternative to feeding harvested hay. As the winter season progresses, the quality 
of stockpiled tall fescue-red clover decrease over the winter season, but digestibility of the 
stockpiled forage does not fall below that of the hay. As a result, heifers on stockpiled forage 
are able to maintain twice the average daily gain and increase in body condition scores while 
heifers consuming first cutting tall fescue —red clover hay decrease in body condition over 
the winter. In addition, heifers consuming a hay diet required a higher level of corn gluten 
feed supplementation than those grazing the stockpiled forage. In both years of this study, 
snow cover did not hinder pasture grazing because of below normal snowfall. Although 
costs of production can be variable, economic analysis shows grazing stockpiled forages has 
lower accrued costs than feeding hay for winter-feed. 
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Table 1. Stockpiled tall fescue-red clover pasture chemical composition and daily change. 
Daily changes
Initial value Grazed Non -grazed SEMb Significance 
Year 1 
Forage DM mass, kg 2501 -8.1 1.7 2.05 <0.01 
DM 
C P 13.5 -0.02 -0.02 0.006 0.85 
IVDMD 63.6 -0.11 -0.13 0.025 0.83 
NDF 45.6 0.11 0.10 0.005 0.03 
ADF 29.5 0.07 0.06 0.007 0.08 
N 
ADI N 9.3 0.01 0.02 0.010 0.65 
Year 2 
Forage DM mass, kg 3335.0 -12.8 -11.7 3.22 0.58 
DM 
CP 14.0 -0.01 -0.01 0.003 0.63 
IVDMD 57.0 -0.05 -0.04 0.009 0.39 
NDF 50.3 0.08 0.07 0.012 0.61 
ADF 31.4 0.06 0.05 0.009 0.32 
N 
ADI N 8.3 0.05 0.05 0.017 0.72 
sForage samples were taken every 28 d for 140 d, in both years. 
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Table 3. Chemical compostition of fistulated steer selected farage 
in November and March of each year. 
Selected forage Significance 
Analysis LSRa HSR Hay SEMb SR` CSR vs hays
Yr 1, November 
IVDMD, %DM 57.9 54.4 49.9 2.11 0.12 0.04 
C P, %D M 12.0 10.7 7.5 0.71 0.10 <0.01 
AD I N, %N 7.1 9.0 17.6 1.26 0.09 <0.01 
Yr 1, March 
IVDMD, %DM 
CP, %DM 
AD I N, %N 
Yr 2, November 
IVDMD, %DM 
CP, %DM 
AD I N, %N 
Yr 2, March 
IVDMD, %DM 
























































aLow stocking rate (LSR} at 0.84 cows ha-~; high stocking rate (HSR) at 
1.17 cows ha-1; tall fescue red clover hay {Hay). 
bn=4 
{SR} Comparison of low vs high stocking rate stockpiled forage treatment 
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Table. 5 Heifer seasonal body condition change, seasonal carp gluten feed consumption, 
calf birth weight, and calving ease. 
Stockpiled forage 
LSRa HSR Dry lot 
LTw~' HTW LTW HTiN HTW SEMI
BCS seasonal change 
Year 1d
Year 2e
Corn gluten feed, kg 
Year 1 
Year 2 
















8.2 42.6 8.2 42.6 84.3 









1.3 1.1 1.3 1.0 









eLow stocking rate (LSR} = 1.17 cowslha; high stocking rate (HSR) = 4.84 cowslha. 
blow target weight {LTVi/) is for conceptus growth only; high target weight (HTV1/) is for 
heifer body growth and conceptus growth. 
~n=2 
d Yr 1 average initial BCS was 5.1; season lasted for 127 days. 
e Yr 2 average initial BCS was 4.5; season lasted for 154 days. 
f9hMeans with different superscripts within a row differ (P < 0.1 }. 
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Table 6. Estimated costs for developing heifers with grazing of stockpiled forages or feeding 
hay with supplementing corn gluten feed during winter. 
Stockpiled forage 
LSRa HSR Dry I of 
LTWb HTW LTW HTW HTW 
Year 1 
Costs, $/hd/d 
Dry lot yardage 0.00 0.00 0.00 0.00 0.20 
Pasture rent 4.37 0.37 0.27 0.27 0.00 
Pasture establishment 0.51 0.51 0.39 0.39 0.00 
Corn gluten feed 0.01 0.02 0.01 0.02 0.04 
Hay 0.00 0.00 0.00 0.00 0.92 
Total 0.89 0.90 0.67 0.68 1.16 
20% increase in pasture rent 0.96 0.98 0.71 0.73 1.16 
20% decrease in pasture rent 0.81 0.83 0.60 0.62 1.16 
20°!° increase in hay cost 0.89 0.91 0.66 0.68 1.35 
20% decrease in hay cost 0.89 0.91 0.66 0.68 0.98 
Year 2 
Costs, $/hd/d 
Dry lot yardage 0.00 0.00 0.00 0.00 0.20 
Pasture rent 0.35 0.35 0.25 0.25 0.00 
Pasture establishment 0.48 0.48 0.36 0.36 0.04 
Corn gluten feed. 0.00 0.00 0.00 0.00 0.06 
Hay 0.00 0.00 0.40 0.00 0.92 
Total 0.83 0.83 0.61 0.61 1.18 
20% increase in pasture rent 0.90 0.90 0.66 0.66 1.18 
20% decrease in pasture .rent 0.76 0.76 0.56 0.56 1.18 
20% increase in hay cost 0.83 0.83 0.61 0.61 1.36 
20% decrease in hay cost 0.83 0.83 0.61 0.61 0.99 
aLow stocking rate (LSR) = 1.17 cows/ha; high stocking rate (HSR} = 0.84 cowslha. 
blow target weight (LTW} is for conceptus growth only; high target weight (HTW) 
is for heifer body growth and conceptus growth. 
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ABSTRACT 
There is concern that compaction and/or surface roughness caused by winter grazing 
of corn (Zea mays L.) crop residues may reduce soybean [Glycine mc~ (L) Merr.] yields. A 
three-year, on-farm study was conducted near Atlantic, IA to address this concern. Two 19.4- 
ha fields with Marshall (silty clay loam), Minden (silty clay loam) and Corley (silt loam) 
soils managed in acorn-soybean rotation were split into four replicate blocks of six 
paddocks. For five, 4-wk intervals cows grazed one paddock at a stocking rate of 3.7 cows 
ha ~. The sixth paddock provided anon-grazed control. Soil bulk density, aggregate stability, 
moisture content, penetration resistance, surface roughness, residue cover, soybean plant 
population and yield were evaluated for disked and no-tillage treatments following grazing. 
Grazing corn crop residue did not affect soil bulk density but increased penetration resistance 
to a depth of 10.5 cm in paddocks grazed in October and November. Surface roughness 
increased quadratically (r2 = 0.27) as the proportion of time that soil temperature was below 
0° C increased, reaching a maximum at 60%. Cattle grazing had no effect on subsequent 
soybean plant population, but yield decreased with increased soil penetration resistance (r2 = 
0.36). Soybean yields also increased as the proportion of the time soil temperature was below 
0° C increased (r2 = 0.72). Effects of grazing of corn crop residues on subsequent soybean 
yield will be minimal if grazing is restricted to periods when soils are frozen. 
Introduction 
Feed costs can account for over half the total economic cost of managing a beef cow 
herd (Lawrence and Strohbehn, 1999). Many Midwest farms utilize corn crop residue grazing 
to decrease these costs. However, there is some concern among row crop producers that 
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cattle trampling can negatively affect soil physical properties by increasing soil compaction 
thereby decreasing subsequent crop yields. 
In row crop production, it has been shown that soil structure changes caused by high 
axle loads from equipment can cause significant reductions in crop yields (Flowers and Lal, 
1998, Gameda et al., 1987, Lal and Ahmadi, 2000). Compaction and the resultant increase in 
bulk density decreases total pore space causing poor aeration (Lal, 1996), reduced water 
infiltration rate (Wallatt and Pullar, 1983), delayed plant emergence (Flowers and Lal, 1998), 
impaired root growth (Voorhees, 1992) and reduced transport of oxygen and nutrients 
(Scholefield et al., 1985). The severity of compaction is dependent upon soil moisture 
content at the time of traffic (McCormack, 1987) with its persistence increasing on high clay 
soils (Lal, 1996). 
In New Zealand and Australia, the effects of animal compaction (pugging) on pasture 
have been examined (Greenwood et al., 1997, Wallatt and Pullar, 1983), but very little 
information is available on the effects of grazing on row crop ground. The ground pressure 
exerted by a grazing cow may be similar to that of harvest implements while standing, but 
will increase when walking because of weight redistribution and the kinetics of motion 
(Greenwood et al., 1997). Estimates of ground pressure range from 123 kPa for a mature beef 
cow standing still (Betteridge et at., 1999) to 490 kPa applied by a 500 kg cow walking 
(Scholefield et al. 1985.). These values are compared to an estimated 138 kPa of pressure 
applied by a combine at harvest (Personal communication, Dr. Stewart Melvin 2003). 
Under pasture conditions, grazing has been shown to have varying effects on 
compaction depending on soil texture (VanHaveren, 1983), soil water content at time of 
grazing (Scholefield et al., 1985), and stocking density (Warren et al., 1986). However, 
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because most studies relating soil compaction and cattle grazing are conducted during 
summer months, their results may not be relevant to grazing corn crop residues when soils 
are frozen. The objectives of this study were to evaluate the effects of grazing corn crop 
residues at different periods during the winter on soil physical properties and subsequent 
soybean yields when planted following disking or with no tillage practices. 
Materials and Methods 
Experimental design 
A 3-yr field study was initiated in 1999 near Atlantic, IA (41 ° 4' N, 95° 0' W) by 
dividing a 39-ha field into two fields for acorn-soybean crop rotation. Corn was planted in 
76-cm rows and soybeans were drilled in 18-cm rows. Prior to planting, both fields were 
chisel-plowed to initiate the experiment under equal tillage conditions. After corn grain 
harvest, each corn field was divided into four, 4.86-ha blocks using a handheld GPS . Electric 
fence was used to divide each block into six paddocks. A lane to a common watering and 
supplementation site was also established within each block. One paddock in each block was 
randomly selected as anon-grazed control. The remaining five paddocks were grazed fora 4- 
wk interval (total of 20 grazing weeks) to evaluate the interaction between corn residue 
grazing and weather conditions on soil properties and subsequent soybean yields. Prior to 
grazing, twelve 0.84-m2 grazing exclosures were placed along two transects at approximately 
27.4-m intervals within each grazed paddock for comparison of soil physical properties in 
grazed and non-grazed areas. 
On October 18, 1999 (year 1), October 16, 2000 (year 2), and October 23, 2001 (year 
3), each block was stocked with three mature pregnant Angus cows (mean body weights; 620 
+ 46, 594 ± 43, and 605 + 50 kg, for years 1, 2, and 3, respectively) at a stocking rate of 3.7 
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cows/ha. Large round hay bales were provided to the cattle when deemed necessary by the 
herdsman. 
Environmental measurements 
Throughout the grazing period, data loggers (HOBO°  series H8, Onset Computer 
Corp., Bourne, MA)1 were used to record soil temperatures at a depth of 10 cm every 30 min 
at two locations per block. All damaged data loggers or erroneous data were discarded and 
the remaining measurements were averaged for each 30 min measurement. Daily 
precipitation, average precipitation for the grazing period, and the maximum 24-h 
precipitation events were obtained from the Atlantic, IA station of the National Climatic Data 
Center. 
Soil measurements 
Soils were core-sampled to a depth of 50 cm at twelve locations in each paddock 
prior to grazing in years 1 and 2 for visual classification of the soil map unit, subsoil depth, 
and clay content (Richard Bednarek and Mark LaVan, NRCS, personal communication, 
2000). Because the sub-fields used for grazing in year 1 were reused in year 3, soil 
classification, subsoil depth, and clay content for each paddock were assumed to be the same. 
Each year, an additional 12 soil samples per paddock were collected from interrows using a 
32 mm diameter soil probe to the depth of 0 to 10.5 and 10.5 to 21 cm to determine soil bulk 
density and moisture content prior to grazing. Upon completion of the grazing season, 
another set of samples was collected for the same depth increments from interrows, both 
1 The mention of any commercial product does not imply an endorsement to this product by Iowa State 
University or USDA-ARS over equally suitable product. 
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within and 4.5 m outside of each grazing exclosure. Soil samples were weighed, dried at 
100°C for 48 h, and reweighed to determine soil moisture content and to calculate bulk 
density. To account for variation in soil properties between paddocks, post-grazing soil bulk 
density measurements for each exclosure were expressed as a ratio of the outside to inside 
measurements at each depth. Soil bulk density ratios in the non-grazed control paddocks 
were assumed to equal 1.0. The same post grazing soil samples were then used to determine 
wet aggregate stability, using a modified Yoder method (Kemper and Rosenau, 1986) . As 
with soil bulk density, aggregate stability was evaluated as a ratio of values outside to inside 
the exclosures, assuming non-grazed paddocks had a ratio of 1.0. After each grazing season, 
soil penetration resistance was determined at 3.5-cm intervals using a penetrometer (Bush, 
mark 1, model 1979, Findlay - Irvine LTD., Penicuik, Scotland) to measure the force 
required to push a rod with a 1.28-cm, 30° cone tip into the ground to a depth of 21 cm (3.5 
cm intervals) at 12 locations in interrows within and 4.5 m outside of the grazing exclosures. 
For comparison to bulk density measurements, penetration measurements from 0 to 10.5 and 
10.5 to 21 cm were averaged and expressed as a ratio of the measurements outside to inside 
each grazing exclosure. Once again, the ratio of the measurements outside and inside grazing 
exclosures was assumed to be 1.0 for the non-grazed control paddocks. Absolute penetration 
resistance values outside the grazing exclosures are reported for each of the depth 
increments. 
Soil surface roughness was measured each spring using two methods across rows 
within the grazed and control paddocks. Roughness was measured at 12 locations in each 
paddock as the percentage of change in the length of a 2-m long .chain forced to take the 
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contour of the bare soil surface in a straight line (Saleh, 1993). Surface roughness was also 
measured as the standard deviation in the lengths of 41 pins spaced at 5 cm interval on a 2-m 
long pin meter at six locations in each paddock (Betteridge et al., 1999). Standard deviation 
of the pins was determined by image analysis of digital photographs using SigmaScan 
software (Jandel Scientific, San Rafael, CA). 
Corn residue measurements 
Corn residue cover was measured at six locations in each paddock at the initiation and 
termination of grazing and after soybeans were planted in the spring. To quantify the amount 
of residue cover, measurements were taken using the 100-point method (Laflen, et al., 1981) 
with a 15 m string. 
Soybean measurements 
After emergence, plant population was measured by averaging the number of soybean 
plants on each side of a 91.4 cm stick from six random locations per paddock. Each count 
was multiplied by a factor of 9608 to calculate plants ha 1 for the 18-cm rows. Soybean yields 
were measured for each paddock using a combine equipped with a global positioning system 
and RDS Pro Series 8000 yield monitor (RDS Technology Ltd., Minchinhampton, 
Gloucsestershire, United Kingdom). Soybean measurements from the lanes were excluded 
from data analysis. 
Statistical analysis 
Soil physical properties and pre- and post-grazing crop residue cover data were 
analyzed as a randomized block design using the GLM procedure (SAS, 1994) to test the 
effects of grazing month within a year using paddocks as the experimental unit. Post-planting 
corn residue cover and soybean emergence and yield measurements were analyzed as a 
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randomized block design using the GLM procedure (SAS, 1994) to test the main effects of 
grazing month, tillage treatment, and the interaction between grazing month and tillage 
within a year. For variables with significant treatment effects, contrasts were conducted to 
determine whether differences between grazed and non-grazed paddocks for a specific month 
were significant at the 0.05 level. To quantify the effects of soil properties, corn residue, and 
environmental measurements on soybean yields, regression analysis was conducted 
predicting soybean yields within and between tillage treatments from all soil, crop residue 
and environmental measurements within each year and between all years (SAS, 1994). To 
determine the effects of environmental factors on soil penetration resistance and surface 
roughness, regression analysis was used to predict penetration resistance ratio and surface 
roughness using the maximum 24 hour precipitation event, percentage of time that the soil 
temperature was below freezing during the grazing period for each paddock, and soil 
moisture content at the termination of the grazing season as independent variables. To 
determine the values of the independent variable at the maximum or minimum value for each 
dependent variable with a significant quadratic regression equation, the first derivative of the 
regression equation was set equal to zero and salved, if possible. 
Results and Discussion 
Environmental measurements 
In all three years, soil temperature remained above freezing for most of the first 
grazing period (Table 1). In the years 1 and 3, soil temperature fell below freezing in 
December (period 3) and rose above freezing in February (period 5). In year 2, soil 
temperature fell below freezing earlier than the first and third years and generally remained 
below freezing throughout the rest of the grazing periods. Daily average precipitation and the 
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maximum 24-hour precipitation events were greatest during the first and last two periods of 
the season and lowest usually in December (Table 1). 
Soil measurements 
The classification of soils for both halves of the 39 ha field was approximately 70% 
Marshall, 17% Minden, and 13% Corley silt loam. Clay content and subsoil depth (Table 2) 
did not differ significantly between grazed and non-grazed paddocks within a given year. 
Both initial and post-grazing soil moisture contents did not differ among paddocks within 
any year (Table 3). 
Neither the initial soil bulk densities nor the post-grazing soil bulk density ratios for the 0 
to 10.5 or 10.5 to 21 cm depths were significantly different for the grazed and non-grazed 
paddocks when examined by year or when averaged for the three years. The average absolute 
post-grazing bulk density values for the 0 to 10.5 and 10.5 to 21 cm depth increments were 
1.16, 1.48; 1.18, 1.42; and 1.22, 1.38 g/cm~, respectively, for the three years. For the 10.5 to 
21 cm depth, there was also no difference in penetration resistance ratio between grazed and 
non-grazed paddocks. Average absolute penetration resistance values at the 10.5 to 21 cm 
depths were 1275, 785, and 980 kPa for years 1, 2, and 3, respectively. There was a grazing 
period effect -for penetration resistance ratios at the 0 to 10.5 cm depth in all three years. This 
effect is not surprising since penetration resistance is a more sensitive indicator of soil 
physical properties than bulk density for some soils (Chanasyk and Naeth, 1995; Rodd et al., 
1999). In the second paddock grazed in year 1, the penetration resistance ratio at the 0 to 
10.5 cm depth was. 29% greater than for the non-grazed paddock (Figure 1). Similarly, 
penetration resistance ratios at the 0 to 10.5 cm depth for both the first and second paddocks 
grazed in year 2 were 28 and 21 %greater than within the non-grazed paddocks. During year 
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3, penetration resistance ratios at the 0 to 10.5 cm depth in the first, second and fifth 
paddocks grazed were 44, 39, and 25% greater than within the control paddocks, 
respectively. 
To correctly use penetration resistance ratios as a measure of compaction, soil 
moisture at the time of sampling should be considered. Silva et al. (2002) reported that 69 to 
75% of the variation in penetration resistance is attributed to soil moisture. Therefore, sample 
sites with different soil moisture contents cannot be compared for treatment effects. We 
found no significant differences in post-grazing soil moisture contents between grazed and 
non-grazed paddocks in any of the three years. Also, there was no correlation between 
absolute penetration resistance and soil moisture content within a year. We, therefore, 
concluded. that post-grazing soil moisture differences were not the cause of variation in 
penetration resistance. As such, any effects on penetration resistance ratios were assumed to 
be the result of trampling during grazing. The observed increases in penetration resistance 
ratio at the 0 to 10.5 cm depth seen in years 1, 2, and 3 were most likely the result of high 
soil moisture content at time of grazing in combination with soil temperatures that were 
above freezing (Table 1). 
In year 1, the initial soil moisture content of the upper 10 cm of soil prior to the start 
of grazing was 210 g kg-1 soil. This moisture content plus the added 2.7 and 2.4 cm of 
precipitation during grazing periods 1 and 2 (without any appreciable evaporation or 
transpiration) plus the above freezing soil temperatures could have produced conditions 
adequate for increased soil compaction during grazing period 2. This interaction between soil 
moisture content and above-freezing temperatures also explains why similar results were also 
observed for grazing periods 1 and 2 during years 2 and 3. In the fifth grazing period of year 
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3, soil temperatures also rose above freezing with the spring thaw. The increase in 
temperature resulted in snow melt and an increase in soil moisture content compared to 
previous grazing periods. This resulted in muddy conditions that were very susceptible to 
compaction from trampling. 
Wallatt and Pullar (1983) found on grazed pastures with loam soils, an increase in 
penetration resistance by 20 to 30% was enough to diminish root growth of perennial 
ryegrass (Lolium perenne L.). However, root restriction depends primarily on the absolute 
penetration resistance values. It is generally accepted that an absolute penetration resistance 
of 2 MPa is the threshold for limiting root growth (Chanasyk and Naeth, 1995). They found 
as the forage-growing season progressed from May to August, the absolute penetration 
resistance at the 10 cm depth more than doubled without an influence of grazing pressure. 
The average absolute penetration resistance values for the 0 to 10.5 cm depths from both 
grazed and non-grazed paddocks in this study were 901, 371, and 583 kPa for years 1, 2, and 
3, respectively. Our sampling occurred during the first week in March, and although the 
absolute penetration resistance may have exceeded the 2 MPa by the end of the growing 
season and limited soybean yield in both grazed and non-grazed areas, no penetration 
measurements were taken during the soybean growing season to test this hypothesis. 
Post-grazing wet aggregate stability ratios did not differ between grazed or non-grazed 
paddocks in any of the three years. The average aggregate stability for the 0 to 10.5 and 10.5 
to 21 cm depths were 30, 26; 24, 28; and 25, 22% for years 1, 2 and 3, respectively. 
Aggregate stability measures were not low enough to warrant concern for decreased porosity 
or infiltration rate. 
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Soil surface roughnesses, measured with the 2-m chain, were greater in paddocks 
grazed in the third and fifth period of grazing in year 1 and the second and fifth period of 
grazing in year 2 than non-grazed control paddocks (Table 4). Soil surface roughness, 
measured with the 41-pin meter, showed similar results for the fifth month of grazing in year 
1, but not for the other three periods. The difference between the two soil surface roughness 
measurements is presumably caused by a difference in sensitivity. The 2-meter chain method 
may be more sensitive because of the direct contact with the soil surface at every chain link, 
whereas the 41-pin meter only makes direct contact at the 41 pinpoints. 
Betteridge et al. (1999) found on Aquic Dystric Euthrochrept soils in New Zealand 
that cattle grazing browntop (Agrostis capillaries L.} and ryegrass pastures caused substantial 
disturbances to the soil surface, but little change in compaction. This effect was a result of 
high soil moisture content at the time of grazing. As water saturation increases, the soil 
becomes more susceptible to compaction. But at water contents above the plastic limit, 
particle displacement is more likely to occur than compaction (Scholefield et al., 1985). This 
relationship may explain why surface roughness increased in the last period of year 1, but 
there was no increase in the penetration resistance ratio. Water content of the soil may have 
been high enough to exceed the plastic limit causing displacement of soil particles rather than 
compaction. Soil moisture was not measured on a daily basis in this project, but if the soil 
-was above freezing, water content should have increased as accumulated snow from previous 
periods .melted. The increase in soil moisture may have caused soil particles to displace 
around the hoof rather than compact. 
~~ 
Corn residue measurements 
The amount of residue cover lost during grazing is influenced by several factors: size 
of the cattle, amount of residue present before grazing, tillage system, condition of field (soil 
moisture), and length of time cattle are on the field (Lesoing et al., 1996). Pre-grazing 
residue cover did not differ between grazed and non-grazed paddocks in any of the three 
years (Table 4). Post-grazing residue cover was lower in the first two paddocks grazed during 
year 2 and in all grazed paddocks during year 3 than in the non-grazed paddocks, having a 5 
to 9% removal rate. Measuring corn residue cover, Lesoing et al. (1996) reported residue 
removal rates by beef cattle grazing irrigated corn residue in central Nebraska ranged from 5 
to 25% with the average being 15%. Corn residue removal rates on this project were slightly 
lower because of a difference in stocking rate or hay supplementation. Post-planting residue 
cover was lower in the second and last two paddocks grazed than in non-grazed paddocks 
planted with no tillage in year 2. Drilling and not trampling probably caused the reduction in 
crop residue cover after planting since the values do not correspond to post-grazing residue 
cover results. 
Soybean measurements 
Soybean plant populations in fields planted with or without preplant tillage following 
the grazing season did not differ between grazed or non-grazed paddocks for any of the three 
years. Soybean plant populations averaged 249, 203; 361, 339; and 326, 391 thousand plants 
ha 1 for the no-tillage or disk-tillage treatments in years 1, 2, and 3, respectivel .The lant y p 
populations signify that although cattle grazing on corn crop residues may have an effect on 
soil physical properties, it had no measurable effect on the subsequent emergence of soybean 
plants. 
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In contrast to plant emergence, grain yields have been reported to be more sensitive to 
compaction because of root restrictions (Gameda et al., 1994). Soybean yields in this study 
did not differ between non-grazed and grazed paddocks for either tillage treatment in year 1 
and 2 (Table 5). Likewise, soybean yields in non-grazed and grazed paddocks planted after 
disking did not differ in year 3. However, soybean yields from the no tillage treatment in 
paddocks grazed during the second period (Nov. 20 to Dec. 17, 2001) were 8% lower than in 
the non-grazed paddocks in year 3. This was also one period when penetration resistance 
ratio was significant in the grazed than non-grazed paddock (Figure 1 }. When soybean yield 
data was averaged for all three years (2899 and 2892 kg ha 1), there was no difference 
between grazed and non-grazed areas. The lack of an overall effect on soybean yield between 
grazed and non-grazed areas indicates that the risk of yield reduction is minimal. 
Penetration resistance, surface roughness, and Meld predictions 
For the environmental variables measured, the proportion of time that soil 
temperature was below 0° Chad the greatest effect on both soil properties and soybean yield. 
The increase in penetration resistance ratio may be a result of grazing during periods when 
soil temperatures were above freezing. For years 2 and 3, this ratio was quadratically related 
to the proportion of time the soil was frozen (Figure 2). Likewise, regression analysis for the 
41-pin meter showed quadratic relationships with the proportion of time the soil temperature 
was below 0° C for years 1 and 3 (Figure 3). The regressions show that soil surface 
roughness was the greatest when grazed in periods when soil was frozen only SU to 53% of 
the time, as was the case Burring the fifth period of year 1 (Table 1). Soybean yield had an 
even stronger positive quadratic relationship to the proportion of time that soil temperature 
was below. 0° C in year 3 for the no tillage system. 
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Y No tillage year 3 = 2648 + 287X — 94X'` r` = 0.72 
Where Y is the soybean yield, expressed as kg ha i , and X is proportion of time the 
soil temperature is below 0° Cis low. 
The highest soybean yields were achieved when grazing occurred while the soil was 
frozen 100% of the time. Furthermore, regression analysis for only year 3 showed a strong 
negative linear relationship between penetration resistance ratio and no-tillage soybean yields 
YNo tillage year 3 = 3023 — 214X r2 = 0.36 
Where Y is the soybean yield, expressed as kg ha 1, and X is penetration resistance 
ratio. 
Uver the three years, soybean yield decreased quadaratically (r = 0.38) as surface 
roughness increased, but this relationship was caused primarily by differences in those 
variables between years. Therefore, the relationship between soybean yield and surface 
roughness appears to be unrelated to grazing. 
Our regressions indicate that soybean yields were negatively affected when 
penetration resistance ratio is high and proportion of time when the soil temperature is below 
0° C was low. The regressions also show that as the proportion of time the soil temperature 
was below 0° C decreased, penetration resistance ratio increased, suggesting greater 
compaction occurred when the soil was not frozen. Likewise, soil surface roughness was 
maximized when the soil was frozen only 50% of the time. This would be consistent with 
the latter part of the grazing season when spring thaw causes muddy conditions. Therefore, 
soybean yields will be maximized and negative effects on soil properties will be minimized if 
corn crop residue grazing is restricted to periods of the winter when soil temperatures are 
below freezing. However, if practical and economical aspects of managing the cow-calf herd 
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warrant grazing of cornstalks during the entire winter season, the data suggests any effects of 
grazing will be localized within the upper 10 cm and can be mitigated with tillage prior to 
planting. 
Implications 
Cattle grazing on corn crop residue showed some negative effects on soil compaction 
and soil surface roughness. These effects were greatest when soil moisture content was 
adequate and soil temperature was above freezing. However, overall effects of crop residue 
grazing on soybean yields were small. There was only one instance of an 8 % decrease for 
the no tillage system when cattle were allowed to graze when soil temperatures were above 
freezing. Producers wanting to utilize corn crop residue grazing, but unwilling to sacrifice 
soybean production should restrict grazing to periods when soil temperatures are below 
freezing or by implementing apre-plant tillage practice. Overall, however, effects of grazing 
corn crop residue on soybean yields were minimal and the added benefits of utilizing corn 
stover as an inexpensive feed source should be considered. 
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Table 1. Portion of the 4-wk grazing periods when soil temperature was below freezing, 
monthly precipitation, and the maximum 24-hour precipitation event. 
1999-2000 
Grazing initiation Oct. 18 Nov. 10 Dec. 08 Jan. OS Feb. 02 
time < 0° C 0.0 0.0 3.4 100.0 72.5 
Monthly precipitation, cm 2.7 2.4 1.8 0.8 3.8 
Maximum 24h precipitation, cm~' 2.08 1.32 0.74 0.28 1.52 
2000 - 2001 
Grazing initiation 
time < 0° C 
Monthly precipitation, cm 
Maximum 24h precipitation, cm 
2001 - 2002 
Grazing initiation 
time < 0° C 
Monthly precipitation, cm 
Maximum 24h precipitation, cm 
Oct. l6 Nov. l3 Dec. 11 Jan. 08 Feb. OS 
1.7 61.2 100.0 92.5 100.0 
8.4 5.9 2.9 3.9 6.7 
4.29 1.24 0.3 8 2.16 2.49 
Oct. 23 Nov. 20 Dec. 18 Jan. 1 S Feb. 12 
2.0 0.0 79.0 99.0 69.0 
0.6 6.8 0.6 3.4 2.6 
0.30 1.52 0.56 1.21 0.97 
The single highest amount of precipitation for the 4-wk grazing period that was received 
in 24 hours. 
Table 2. Soil clav content and subsoil death. 
Years 1 and 3 fi Year 2 
A~~erage clay content  g kg ~ 
Topsoil 219 302 
Subsoil 3 3 0 400 
--------.-------------cm 
Average subsoil depth, cm 
~' Same sub-field used in years 1 and 3 . 
50.8 59.4 
Table 3. Field average pre-grazing and post-grazing soil moisture. 
Depth, cm 
0 to 10 10 to 20 
Year 1  g kg"' 
Pre-grazing soil moisture 210 230 
Post-grazing soil moisture 220 230 
Year 2 
Pre-grazing soil moisture 170 170 
Post-grazing soil moisture 260 250 
Year 3 
Pre-grazing soil moisture 230 220 
Post-grazing soil moisture 240 240 
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Table 4. drop residue cover and soil surface roughness. 
drop residue cover Surface roughness 
Post-planting 
Pre- Post- 40-pin 2 meter 
Grazing period grazing grazing No -till Tilled metert chain$ 
1.999-2000  %N_N-.~-N-NN-N-----  SD---- ----%----
Non-grazed 87.5 82.3 79.7 46.8 I.12 2.88 
Oct. 18 - ~Iov. 09 84.3 90.3 81.7 44.0 1.19 3.56 
Nov. 10 -Dec. 07 86.3 90.3 78.6 4.5.5 1.27 3.98 
Dec. 08 -Jan. 04 87.6 90.6 78.4 47.4 1.33 4.85* 
Jan. OS -Feb. O1 85.1 88.5 77.3 47.3 1.24 3.02 
Feb. 02 -- Mar. 02 88.2 89.6 75.3 47.6 2. IO* 9.48* 
2000-2001 
Non-grazed 91.2 86.7 78.9 40.3 2.11 2.90 
Oct. 16 -Nov. l 2 95.5 82.4* 76.7 36.4 2.20 4.40 
Nov. 13 -Dec. 10 90.9 82.0 * 76.0 * 3 8.5 2.06 2.50 
Dec. I l -Jan. 09 93.8 85.4 77.7 31.4 2. I 1 4.40 
Jan. 08 --Feb. 04 9Q.6 86.4 74.9* 28.1 2.04 3.40 
Feb. OS -- Mar. OS 91.3 86.2 74.1 * 27.2 2.30 2.40 
2001-2002 
Non-grazed 8 7.5 91 7 8 7.6 69 . Z 2.00 5.92 
Oct. 23 -Nov. 20 88.3 86.4* 87.0 70.9 1.72 6.77 
Nov. 21 -Dec. 17 87.3 86.9* 83.7 74.2 1.76 9.65 
Dec. 18 -Jan. 14 87.5 87.3* 84.4 71.0 2.04 7.21 
Jan. 15 -Feb. 11 88.8 83.6* 84.8 65.0 1.86 8.60 
Feb. I2 -Mar. 12 88.1 84.1 * 82.6 68.3 2.26 11.60* 
~ Standard deviation in pin length, cm. 
Reduction in chain Length, °,/o. 
*Means in the same column with an asterisk (*) are significantly different from the mean 
of the control paddocks (P~0.05). 
i 
N 
~ N N 
M M 
~ M M 
h 
O ~ d' 
0~0 ~" 
~ N M 4~ 
~ NI  N 
~ N M cc~ 
ti
N ~ [~ 
oo 
~ N N 
~+ 
~_ O ~' 
~,00 




~ ~ O  ~ 
0 CT en O ~- M  d~ 
~' U 
U N N av3 °'~ N tU Q~ pMM ~NM A ~ 
~ ~ 
~ ~ M O ~ O 
. O ~ ~ ~ N ~ ~ 00  .ter"''.., 
O M M a N M A N N ~ 
Z ...~ 
M 4~ 
G4 ~ N 
N 
~ s~-• 
~ t""'` ~ ~-' zC3 ~ +,tom, 
04 O . ~ M .+.., +-~ pr O ~ 
t3 M M V N M Q N  M ~ 0 0 . ~..~ 
.~ 
N  N M N 00 ~ 




~ o ~ ~ 
~ . ~, ~ . ~, ~_ a~ ...., ~ .~ .~ • ~+A ~ ~, i ~ 
~,..., ~ ~ N . ~ ~ 
a 
O bA ~ ~ ~_ •,~ tU N . ~ ~ ~ rn O 'N •~ ~ 
N 
~N i ~ ~ ~ 1 ~ ~ 















N OD O ~ N 
~ ~ ~ ~ 
~ Ca (~ ~ N 





































on ~, ~~ .~ •~ 
~ ~ 




~.. -a~ ~ > ~ 
O O 
. rr O 
~`~',, O 
~ ':~ 
O ~ ~. 
~ ~ ~ cti 
~ ~ 
'-' ' in ~ ~ ~ ~ 





~ ~ ~ Q 
U ~" 
~ ~ 
c~i ~ .~ 





'~ o ~, v 
~° , ~ ~, 
~ U ~2, _ 
y v 
o!) va 
c~ ._~ .re ~ `}" o > -a .zs -II~~ 
.~ 
~ ~ 
~ •~ N 
bQ C/~ t~ «. 
































































































































• O~ ~ 
~1, aQ 
it • •--~ sy N 
~ ~ 
o aA 
U ~ a~ :~ 




.~ ;~ '~ •~ .~. 
p O 
~~./ ~" 







~ • .., 
f..~ ~ 
}~.., 
CC3 ~ Q • r•. 
~ ~ 






























































































N !` N 
~- 0 0 

























































~ •~ ~ ~ 
~ '~ 

















. ,.., ~ 
O ~ 











CHAPTER 5. GENERAL CONCLUSION 
Both experiments of this thesis were designed to confront current issues concerning 
the beef cattle industry, and in particular the use of winter feeding systems. Because of the 
severity and duration of the winter season in the upper-Midwestern region of the United 
States, the beef industry has traditionally been forced to rely on feeding stored forages 
produced during the growing season. However, substantial expense and labor is associated 
with harvesting, storage, and feeding of stored forages. Therefore many producers have 
turned to lower cost alternatives. Among these alternatives include allowing forage to 
accumulate in the pasture to be grazed during the winter after plant growth has ceased or 
utilizing plant residue left behind from row crop production. The first study of this thesis 
evaluated the concern that decreasing quality of stockpiled forage would be inadequate to 
sustain heifer growth in addition to growth of the conceptus for spring parturition. The 
second study assessed whether grazing of corn crop residue by mature beef cows would 
change soil physical properties resulting in reduced soybean yields planted under 
conventional and no tillage treatments the following year. 
It was observed that heifers grazing stockpiled `Fawn' endophyte-free tall fescue and 
red clover stockpiled pasture showed no detrimental effects as a result of decreasing forage 
quality over the winter grazing season when measured by average daily gain or body 
condition score. Consequently, the heifers grazing stockpiled forage averaged greater than 
0.9 kg/day gain in both years of the experiment, which was more than adequate to sustain 
body and fetal growth. In order to achieve this level of growth, the heifers grazing stockpiled 
forage did require some supplementation of corn gluten feed initially in year 1. On the other 
hand, the heifers in the dry lot fed hay harvested from the same pastures the preceding 
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summer did have some difficulty maintaining average daily gains above their calculated 
growth curves for body and fetal growth. In fact, the heifers in the dry lots averaged 
approximately half the average daily gain as those grazing stockpiled forage even when 
supplemented twice or greater the amount of corn gluten feed. 
The difference in heifer production between the two winter systems is a direct result 
of the quality of forage supplied. Compared to the stockpiled forage, the tall fescue red 
clover hay was able to maintain a more consistent level of quality because of storage prior to 
use. Conversely, the stockpiled forage was subjected to precipitation, which added to the 
decline in digestibility over the winter through loss of cell soluble material and increasing 
fiber content. Nevertheless, heifers fed a hay diet did not out perform their counterparts 
grazing stockpiled forage because the hay was harvested at a more mature state than 
stockpiled forage. In both years, the hay contained f 0 to 70% NDF and 40 to 50°Io ADF. 
Although the stockpiled forage. did eventually reached similar levels of NDF and ADF by 
March, the NDF and ADF fractions started at approximately 50 and 30% when grazing was 
initiated in late October to early November. Granted, if a hay of higher nutritional value was 
used, the divergence between treatments would probably be lessened, but this does not 
distract from the fact that stockpiled forage was demonstrated to be a viable alternative to 
harvested hay as a winter feed source for spring calving heifers. Likewise, the economic 
analysis also showed that grazing stockpiled forage is a lower cost alternative than feeding 
hay. The heifers grazing at the 1.17 hd/ha stocking rate had nearly half the cost of those in 
the dry lot without the benefit of added gain included. Therefore, in heifer production it 
seems using stockpiled forage in place of feeding stored forages in winter months would be 
advantageous if managed to achieve adequate fall forage growth and optimal stocking rates. 
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Further research that should be conducted in the area of grazing of stockpiled forage 
would be increasing the stocking rate to determine the threshold before heifer performance 
falls below that which is required to maintain body and fetal growth. This would develop 
recommendations for producers to help maximize the carrying capacity of pastures without 
sacrificing the health of the calf or the dam. Also, the effects of different wintering systems 
have on the ability to regain estrus postpartum and if environmenal stress (ie lack of shelter 
on stockpiled forage or muddy conditions in dry lot) favors one system over the other needs 
to be considered. 
The second experiment, which examined the effects of cattle trampling on soil 
physical properties and subsequent yield, showed no significant effect of grazing on soil bulk 
density. This is contrary to results found in a similar study by Lesoing et al. (1997) in 
Nebraska where soil bulk density was increased by 6 to 12% in areas where cattle had tread. 
Although there was no increase in bulk density in this study, there was a significant increase 
in soil penetration resistance of paddocks grazed in October, November, and February 
demonstrating that some compaction did occur. Consequently, those months correspond to 
late fall and early spring when soil temperatures will normally be above freezing and daily 
precipitation is greater. Likewise, regression analysis showed that soil surface roughness had 
a quadratic relationship with the amount of time the soil was frozen, where the maximum 
roughness occurred when cattle were grazing when the soil was frozen only 60% of the time 
such as in February. 
While there were no effects of grazing on plant populations, there was an 8% 
decrease in soybean yields in the no-tillage system from paddocks grazed during November 
of year 3. Furthermore, regression analysis showed that no-tillage soybean yields had a 
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negative linear (r'`=0.36} relationship to penetration resistance where if penetration resistance 
of the soil to increased by 50%, there would be a 3.5% reduction in soybean yield. In 
addition, soybean yields were also found to be highly related (r'=0.36) to the amount of time 
the soil was frozen during the grazing period. The highest soybean yields resulted from the 
ground being frozen 100% of the time while cattle were grazing. The soybean yield, 
penetration resistance, and soil surface roughness date all have demonstrated that detrimental 
effects of cattle grazing on corn crop residues will be minimized if soil is frozen while 
grazing. Therefore, producers desiring to take advantage of corn crop residue as a cheap 
winter feed source can minimize the risk of reduced soybean yields by only grazing after the 
ground is frozen in the fall and removing the cattle before the soil thaws in the spring. 
However, if the benefits of corn crop residue outweigh the reduction in soybean yields, 
conventional tillage of areas grazed during periods of above freezing soil temperatures 
should reduce the impact of compaction. 
Reductions in subsequent soybean yields do not match the results found by Lesoing et 
al. (1997) although in that particular study there was an increase in soil bulk density from 
cattle treading. The differences between the two experiments may be a result of different soil 
types having varying levels of macroporocity. When compared to the silty clay loam used in 
this project, the sandy loam used in Nebraska may have a greater compaction threshold 
before the. macropore volume is decreased to 10%, which is considered inadequate for soil 
aeration (Twerdoff et a1., 1999). Therefore, there is a need for further research to determine 
if the degree of compaction under cattle treading is a factor of not only the weather, but also 
the soil type. When the current experiment was initiated, there was a second location near 
Chariton, Iowa where the clay content was 50% greater. In the first year of this experiment, 
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similar to the Atlantic location no differences in soil bulk density or soybean yields were 
associated with crop residue grazing. However, as was seen at Atlantic, penetration 
resistance did increase in the first and last paddocks grazed corresponding to periods of 
above freezing soil temperatures and increased precipitation. Unfortunately the project was 
discontinued at that location so no further replications were conducted. Furthermore, while 
stocking rates on corn crop residue is typically based on maximizing the number of cattle 
while providing adequate nutrition, there may be a need to study at what stocking rate for 
what duration does compaction become a problem. In addition, for producers to be able to 
make sound management decisions they need to know how will the system effect the profit 
of the operation. An economic analysis should be conducted to determine if the value of 
corn crop residue as a winter feed source is of greater value than the reduction in subsequent 
crops. Finally is the effects of short term paddock grazing comparable to situations involved 
on a large scale operation where larger number of cattle are stocked for months at a time the 
same land area. Certainly cattle will tread on a majority of the land area, however some 
areas may receive heavier traffic such as around windbreaks and water sources. If greater 
compaction of soils occurs in these areas, can tillage treatment lessen the effects on 
subsequent crop production. 
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APPENDIX B. ADDITIONAL TABLES AND FIGURES: 
CORN CROP RESIDUE GRAZING AND SOIL COMPACTION 
~o~ 
Post grazing soi 1 penetration resistance ratio and soi I bu 1 k den situ ratio after grazing of corn crop residue 
{Atlantic, Iawa)b. 
gazing period 
Soil depth Control 1 2 3 4 ~ 
1999-2000 
Initiation date of 28-day grazing period Oct. 18 Nov. 10 Dec. 08 Jan. OS Feb. 02 
Penetration ratio 
0 to 10 cm 1.00 1.11 1.29*` 1.07 1.08 1.15 
10 to 20 cm 1.00 1.0 S 0.98 1.00 1.02 1.08 
Bulk density ratio 
0 to 10 cm 1.00 1. l 1 1.10 1.08 1.03 1.11 
10 to 20 cm 1.00 1.05 0.98 1.02 1.01 1.02 
2000 - 2001 
Initiation date of 28-day grazing period 
Penetration rati o 
0 to 10 cm 
10 to 20 cm 
Bulk density ratio 
Oto lOcm 
10 to ZO cm 
2001 - 2002 
Initiation date of 28-day grazing period 
Penetration ratio 
OtolOcm 
10 to 20 cm 
Bulk density ratio 
OtolOcm 
10 to 20 cm 
1.00 
1.00 





1.00 I.11 1.07 
1. ~ 0.92 1.0? 
1.00 
1.00 
1.16 1.20 1.23 
0.94 1.08 1.02 
1.06 1.09 1.04 
1.09 0.99 1.03 






I.06 i.l 1 
1.25 
1.18 
1.00 1.12 1.05 1.10 1.09 1.11 
1.00 1.07 1.01 1.06 0.99 1.06 
aAverage force required to push a rod v~nth a 1.28 cm cone through 0 to 10- and 10 to 20-cm depths of soil 
expressed as a ratio of the measurements taken 4.5-m outside the grazing exclosures to inside the grazing 
exclosures in the given paddock. 
bAverage bulk density of 0 to 10.16- and lO.Ib to 20.32-cm depths taken 4.5-m outside the grazing 
exclosure to inside the grazing exclosures in the given paddock. 
`Meauis in the same row with an asterisk (*)are different from the mean cif the control paddocks (P<0.05). 
104 
Organic matter ti~ieids and composition initially and daily change of crap residues in ungrazed and grazed 
paddoclfs in cornsitalk fiefs (Atlantic, Iowa). 
Daily change 
Initial value Ung~razed Grazed 
1999-2000 
Organic matter yield, ibslacre 
IVDOM (% of OM) 
NDF (% of OM) 
ADF (% of ONi} 
CP (% of OM) 
2oao-too 1 
Organic matter yield, lbsfacre 
IVDOM (% of OM) 
NDF (% of OM) 
ADF (% of OM) 
CP (% of OM) 
2001- 2002 
Organic matter ~~eid, lbs/acre 
IVDOM (% of OM) 
NDF (% of ONI) 
ADF (% of OM) 
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Hay fed to cows grazing corn crop residue {Atlantic, Iowa) 
1999 - 2000 hay usage table. 
Grazing period Lbs hay I 
Paddock Initial date emoval date total head head /day 
1 18-Oct-01 09-Nov-01 1688 141 5 
2 10-Nov-01 07-Dec-01 1108 92 3 
3 08-Dec-01 04-Jan-01 3168 264 9 
4 05-Jan-01 01-F a b-02 3856 321 11 
5 02-Feb-02 02-Mar-02 4510 375 13 
2000 - 2001 hay usage table. 
Grazing periad Lbs hay / 
Paddock Initial date emoval date total head head /day 
1 16-4 ct-01 12-Nov -01 1096 91 3 
2 13-Nov-01 10-Dec-01 2624 219 8 
3 11-Dec-01 07-Jan-01 17676 1473 53 
4 08-Jan-01 04-Feb-02 11824 985 35 
5 05-Feb-02 05-Mar-02 1 fi020 1335 48 
2001 - 2002 hay usage table. 
Grazing period Lbs hay I 
Paddock Initial date emoval date total head head I day 
1 23-pct-01 19-Nov-01 0 0 0 
2 20-Nov-01 17-Dec-01 3240 270 10 
3 18-Dec-01 14-Jan-01 9900 825 29 
4 15-Jan-01 11-Feb-02 9240 770 28 
5 12-Feb-0212-Mar-02 9600 800 29 
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So`rbean plant population counts post planting (Atlantic, Iowa). 
Soybean plant populations, plants per ha 
Pooled tillage No —till Tilled 
1999-2000 
Control 226916 228116 225716 
Oct. 18 237598 254531 220914 
No~~. 10 213709 252131 175289 
Dec. 08 207706 249728 165684 
Jan. OS 247326 249728 244926 
Feb. 02 223314 261736 184894 
2000-2001 
Control 390200 393802 386598 
Oct. 16 339773 326568 352980 
Nov. l3 312160 290548 333770 
Dec. 11 368588 42021 ~ 316963 
Jan. 08 344575 355383 333770 
Feb. 05 343375 379395 307358 
2001-2002 
Control 373390 345778 401007 
Oct. 23 330170 343375 316963 
Nov. 11 343378 348180 338575 
Dec. 12 350580 283346 41781 ~ 
Jan. 15 349380 297753 401007 
Feb. l2 402207 336173 468240 
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